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SUMMARY 
The structure of sugar oximes has been examined by nuclear 
magnetic resonance spectroscopy (n.m.r.). There appears to be no 
simple relationship between the structure of the oxime and the 
ratio, on acetylation, of acetylated nitrile to acetylated oxime. 
The synthesis of thiazines, from thioamides and vinyl ketones, appears 
to have limited scope and was unsuccessful when applied to aldono-
thioamides. The synthesis of several 2-aldono-I,3-thiazoles is 
recorded. Other routes to nitrogen and sulphur-containing ring 
systems with sugar side chains have been investigated. Some of 
these compounds have been tested for microbiological activity. The 
structure of sugar imidazolines has been examined by n.m.r.spectroscopy. 
The conformation of straight chain acetylated sugars is explained 
in terms of a simple model. The n.m.r. measurements on several 
acyclic sugars are in accordance with this model. The method developed 
by Whiffen, relating conformation to optical rotation, has been 
extended to acetylated pyranoses by determining new values for 
lfuiffen's rotatio'n parameters. New parameters have been evaluated 
which make it possible to treat acyclic sugars by this method. 
Al though the assumptions made in this treatment limit the accuracy, 
it seems that optical rotation provides useful supporting evidence 
for conformation. 
In the final chapter, the results of a preliminary investigation 
into the reactions of organo lithium compounds with carbohydrates 
are reported. 
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INTRODUCT ION 
VIROLOG1CAL BACKGROUND 
1. a) The Viruses. 
At the present time, molecular processes within the cell 
and the interaction between virus and host are insufficiently 
elucidated to allow the rational design of an antiviral agent. 
However, a study of the virus, its host, and the mechanism of 
its replication, indicates the stages of viral-host interaction 
that are likely to be susceptible to drug action. 
1 2 The viruses' are a diverse group of parasitic 
micro-organisms ranging in size from the tobacco necrosis virus, 
wi th a diameter of l6mJL ' to the psittacosis virus, with a 
diameter of 270 m~ There is a parallel diversity in composition 
and structure. The small plant viruses consist of ribonucleic acid 
(RNA) and protein only, whereas the psittacosis vaccinia virus3 
contains protein (89,%), deoxy-ribonucleic acid (DNA 5.6%), 
cholesterol (1.4%), phospholipid (2.2{.) and neutral fat (2.2~). 
The two virus types described below illustrate this diversity. 
The Maus-Elberfeld (ME)4,5 virus is a small RNA 
containing virus belonging to the picornavirus group. Crystallised 
preparations of the virus contain more than 20~ RNA. Electron 
microscopy shows the virus particles to be 24 mJL in diameter, but 
under high resolution (using negative staining techniques) the virus 
appears as a polyhedron. (I) 
Maus-Elberfeld Virus (I) 
_1_ 
The RNA can be extracted with phenol and its rate of sedimentation 
indicates a molecular weight of about 2,000,000. This RNA, in the 
absence of its capsid, is still infective, therefore the RNA must 
carry the genetic information for the virus. The protein coat 
carries the virus antigenic character but is not infective. The 
protein is not, as was originally thought, homogeneous, but 
6 
consists of two or possibly three major polypeptides. 
The Newcastle Disease Virus5(NDV) is larger and more 
complex in structure and composition than the MEvirus and belongs 
to the myxovirus group. It has a diameter of l20-180~ • The 
RNA is contained inside a long hollow tube of protein which is 
known variously as the NP, G, and internal-~-protein. This protein 
is specific for the serological type of virus. The tube of 
nucleoprotein is coiled up inside a protein envelope. The outer 
9rot&~n envelope eontains lipid and carbohydrate. The capsid 
contains the serological sub-group specific antigen7 and also 
the haemagglutinating and enzyme activity. A, shown in the diagram 
(11) the virus is spherical in shape with spikes projecting from 
the surface. The spikes may contain the haemagglutin and the 
8 
enzyme but this is not certain. 
Sp;kes on cell 6urface-
t!jpical of a\l m!JlCoviruses. 
Newcastle Disease Virus (11) 
-2-
The protein fractions showing these activities have been separated. 9.10 
The myxoviruses bind themselves to receptor sites on the cell surface, 
11,12,13. Erythrocytes, from several animals, although not 
susceptible to infection by these viruses, possess. the receptor sites. 
The bonding between the cells and the viruses causes agglutination. 
On incubation, the virus is set free. The erythrocytes cannot be 
re-agglutinated and they have presumably lost the receptor sites. 
The viruses, on the other hand, are unchanged and can agglutinate 
further erythrocytes. During incubation a further product is 
produced and this has been characterised as ~-acetylneuraminic acid. 
(IlI) 
lio 
HO 
OH 
(IlI) 
The virus enzyme which breaks the cell-virus bond, setting free the 
14 
neuraminic acid, is called a neuraminidase. Neither the structure 
of the enzyme, nor of the haemaggluUn is known. 
1. b) The Host. 
Only those cell processes15 which are of immediate 
importance to the virus will be considered. 
The cell or plasma membrane is about 80 AO thick and 
consists of a bimOlecular layer of polar lipids coated on both sides 
with protein. The surface is very complex in structure and, as yet, 
far from understood. It is on this protein layer that the virus 
-3-
finds a receptor and in some way modifies the membrane, which controls 
the cell's permeability, and allows the virus to enter after shedding 
its own capsid. 
The intracellular functions of most interest to the virus 
are the synthesis of nucleic acid and protein. 
The cell's genetic information is carried by the nucleotide 
16 
sequence in the DNA. Almost all the cell's DNA is contained in the 
nucleus. There is a considerable amount of evidence16, 17, 18 to show 
that DNA acts as a template for messenger (m) RNA synthesis, which in 
turn controls the amino acid sequence in the cell's protein. 
In the nucleus, the DNA is made up of two strands, with 
complementary base sequence, in the form of a double helix around a 
common axis. The two strands are held together by hydrogen bonding as 
shown in diagram (IV). 
p 
b 0 P o -A ::r-Q 
p-a:c-d 
(:)-C:O-<'O'/ 
p-r=A-d 
: p 
Hydrogen bonding between strands. 
T-Thymine, A-adenine, P-phosphate. 
(IV) 
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Hydrogen bonding between 
guanine (G) and cytosine (C) 
In some bacteria, a single duplex of DNA carries all the 
genetic information; in more complex animals, several strands of DNA 
are required. During replication, the DNA duplex breaks open and a 
complementary strand is built up with triphosphate (pyrophosphate) 
esters of the nucleotides on each parent strand, to give two identical 
dUPlexes.19 The two new strands are synthesised from the same starting 
. 20 21 22 point, unidirectionally and simultaneously. ' , Two enzyme 
types involved in the synthesis have been characterised; DNA polymerase 
18 
and DNA nucleotide transferase. The latter enzyme controls the 
transfer of the nucleotides to the parent DNA and the former the 
polymerisation of the nucleotides. The polymerisation requires the 
2+ 
enzyme, primer DNA, Mn ions and the nucleotide triphosphate esters. 
The enzyme is not necessarily peculiar to a single type of primer DNA.23 
The synthesis of rnRNA follows a similar pattern and is catalysed by 
DNA-dependent RNA polymerase. 24 ,25 In vitro both strands of 
the primer DNA are copied; the resulting RNA molecules are complementary 
26 
and can be annealed. In vivo it appears that only one strand of the 
DNA is copied and it seems likely that the DNA duplex is not 
~28 
completely separated during this synthesis.' In the bacterio-
phages .~ and sp8, which have double stranded DNA, one strand is rich 
in pyrimidine bases and, having a much higher molecular weight, can 
be separated from its complementary strand by centrifugation. Only 
the pyrimidine-rich DNA can be annealed with the natural m RNA.29 
Although the synthesis of neither DNA nor m RNA is completely 
understood, a little is known of the mechanism and the enzymes 
associated with it. 
30 Outlined below are the essential~eps in protein synthesis. 
The amino acid is activated by reaction with adenosine triphos~hate, 
giving the amino-acyl-adenylate. 
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This amino-acyl-adenylate enzyme complex then reacts with transfer (t) 
RNA to give amino-acyl-t-RNA. A different enzyme is required for each 
amino acid. The reaction is highly specific; even the structurally 
similar leucine, isoleucine and valine are substituted for each other 
less than once in 10,000 times.31 
leucine 
Cli3 
• 
c.t13 cH ~ CH - Cf-~ - CO;t.H , 
NH.t. 
isoleucine 
CH3 
I 
'-Hr CH -CH -C.0l.H , 
NH2. 
valine 
Protein synthesis takes place at the ribosomes, which line up on the 
m RNA to form polysomes and these travel in one direction along the 
m RNA. As the ribosomes move along, the amino-acyl-t-RNA attached 
to them recognise the codons on the m RNA, move into place and bond. 
The process is shown schematically below. (V) 
-6-
MRNA 
) 
Leu-LEUCINE Ala-ALANINE 
Gly-GLYCINE Phy-PHENYLALANINE 
Ser-SERINE Val-VALINE . 
Protein synthesis (V) 
The interaction of the ribosomes and the polynucleotides is independent 
7.2 
of their cellular origin. J The incorporation of amino acids by the 
ribosomes, is stimulated by both synthetic33 and natural polynucleotides.34 
Transfer RNA is bound to the ribosome, irrespective of whether it is 
carrying its amino acid or not.35 Cysteine specific t RNA can be induced 
to carry alanine, but with m RNA, its reaction is as if it were cysteine-
acyl_t_RNA.36,37 Thus all the evidence indicates that the base sequence 
in the polypeptide chains is determined by the m RNA. 
1. c) Antibiotics That Interfere \'Iith Nucleic Acid and Protein 
Synthesis.38 
Several drugs are known which disrupt nucleic acid and protein 
synthesis and these should have a marked effect on the virus. 
The mitomycins (VI) block the synthesis of DNA, while RNA 
and protein synthesis continue for a limited period. This is illustrated 
by the growth of RNA virus in mitomycin treated cells. 39 
-7-
0 
0 
11 
Cl-lj 
II~OCN"' 
0 
• NH 
Mi tomycin C (VI) 
The DNA from mitomycin treated cells behaves as though the two strands 
40 
were cross linked which would prevent DNA synthesis. RNA synthesis 
41 
can continue because it does not require its DNA primer to separate 
into strands. Mitomycin might be expected to be effective against DNA 
virus, as their replication rate is much higher than a normal cell's, 
but in practice it is found that virostatic doses kill mammalian cells. 
Actinomycin (VII) strongly inhibits DNA dependent RNA poly-
merase. 42 ,43 
L-MeVal N-methyl-L-valine 
loT ~~V(l'l L-MeVo.I -. S~.. I Sar sarcosine Sal"' 
i 
1-- Pr., 0 L:-~.-o 6 L-Pro L-proline 
I 
O-YClI J D-~o.t J D-Val D-valine 
L-Thr L-Th.-
I , L-Thr L-threonine c~o c=o 
(yN~Cr 
~ .... '.0/ '-0 
• CH,J Cti3 
Actinomycin D (VII) 
It forms a reversible complex with DNA,44 inhibiting DNA dependent RNA 
polymerase, by blocking the primer DNA. There is a good correlation 
between the strength of the DNA complex and the degree of RNA inhibition.45 
The DNA complex alters the physical properties of the DNA. The duplex 
conformation is stabilised; therefore the separation of the two strands 
-8-
for DNA synthesis requires more energy.46,47 It is not surprising 
therefore that at higher concentrations, actinomycin D blocks DNA 
synthesis. 
Actinomycin D is too toxic to mammalian cells to be used 
against viruses generally. Many RNA viruses, which in replication do 
48 
not use a DNA template, are completely insensitive to Actinomycin. 
48 DNA viruses, on the other hand, are sensitive to a varying degree. 
Herpes simplex virus, grown in HeLa cell culture, is far more sensitive 
to actinomycin than the host cell. 49 At dose levels that only temporarily 
depress cell RNA and DNA synthesis, actinomycin completely inhibits viral 
DNA synthesis. It is known that actinomycin requires guanine nucleo-
tides for its complex formation50 and viral DNA is particularly rich 
in guanine residues. 51 
The synthesis of protein, in mammalian cells and bacteria, 
does not look an attractive centre for selective drug action, as the 
processes seem to be essentially the same. HO\~ever, the ribosomes of 
mammalian cells and bacteria are different52,53 and many useful anti-
biotics, which selectively interfere with bacteria protein synthesis, 
have been developed. Streptomycin prevents the transfer of the amino 
acids from t RNA to the growing polypeptide chain.54 Puromycin and 
ChloramPhenico156 also selectively disrupt bacterial protein synthesis. 
These antibiotics are not selective in their action as far as viral 
protein synthesis is concerned. 
l.d d) Replication of RNA Viruses.57 
Small RNA viruses are able to replicate quite independently 
of DNA. Their growth is unaffected by DNA inhibitive drugs such as 
actinomycin D58 or thymidine analogues. 59 The virus replication is 
carried out in the absence of the otherwise universal genetic material 
60 DNA. As the RNA, in the absence of the capsid, is still infective, 
all the genetic information must be carried by the RNA. 
-9-
VfrQ I RNA 
$!jhtl,,,S;S 
vi,."\ prvl::o;in 
s~t\~~.es"$ 
, ( i i ---"1-~ 
, 
o 
''\iec..t 
v'ru.S 
It- hr. (, ~r, 8' ~w·. 
(VIII) 
The graph shows the time dependence of RNA, protein, incapsulated 
virus and extracellular virus titers in a mouse cell injected with 
61 
encephalomyocarditis. 
62 Viral protein is synthesised on host cell ribosomes 
as is normal protein. In infected cells, several types of protein 
are sYnthesised,63 many of which are not involved in the viral 
capsid or in the host cell's normal synthesis. The function of 
some of these proteins has been determined. One of these extra 
64 proteins is an inhibitor of DNA-dependent RNA polymerase. 
This inhibitor is supported by another, which inhibits protein 
syntheSis65 , 66 by modifying the ribosomes. The size and shape 
of the ribosome aggregate changes from being characteristic of the 
host to being characteristic of the virus. 66 ,67 
the 
A second group of proteins coded for by the viral RNA is 
68 RNA-dependent RNA polymerases. 
The polysomes from infected cells contain RNA, which is 
identical in molecular weight and base composition to the viral 
RNA. 69,70 When these polysomes are isolated and incubated in vitro, 
they synthesise protein, which is immunologically related to the 
-10-
62 70 
capsid proteins.' The messenger function of viral RNA, is 
further demonstrated by the addition of viral RNA, from a bacterio-
phage, to an in vitro protein synthesis system, which results in 
phage protein being synthesised. 71 
The location of virus RNA synthesis is not known specifically, 
but it does take place in the large particle (quickly sedimenting) part 
of the cytoplasm.72 This fraction includes the polysomes 
responsible for viral protein and polymerase synthesis. The close 
Juxtaposition of viral RNA and protein synthesis has led to the 
suggestion that these syntheses form an integrated system.73 The 
bulk of the RNA formed during the period of rapid synthesis, has 
all the properties of single stranded viral RNA.74 A small 
proportion (2-5'~) has physical properties which suggest that it is 
double stranded.75 The double stranded material consists of a 
positive and negative strand76, 77, 78 as required by the \'latson-
Crick model. Two mechanisms have been suggested for viral RNA 
synthesis. Both models build a complementary strand as the first 
stage. 
r'\ (Al ;A !A U ! , I i I u I ju pol~me,.ase 'V .. A 
1 
, 
• 
~ ! ) 
"DC 
, !Grlcj iJ huc,.!eot;c:\e t;r,phoGphates ! c!=l c! :C \ ... ..... ~ ........ -, ~.-9.... 
+ + + 
(IX) 
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The semi-conservative mechanism79,80 then suggests that the parent 
strand peels away as a new positive strand is formed on the negative 
+ + 
(a.) 
+ + 
(x) 
Ix "I"",,,,t 
r~l 
U 
u, 
I 
I 
! !-.0 
+ 
"' 
,.-
A u 
\J ,/1 
G 
',G '-Cl 
,--,,--,--
+ 
This mechanism explains most of the kinetic data, but not why none of 
81 82 the parental RNA appears in the progeny, ' or the high incidence 
of labelled parental RNA that occurs in the double stranded material.8) 
The alternative meChanism,84 the so-called "conservative mechanism", 
accounts for these anomalies. The original parental positive strand 
and complementary negative strand never become completely separated. 
pC"'erlt, f'0r" .... rt: 
,.-"'"'. 
U lA u A 
PI iv A u 
c q c 4' 
prt"'J"'''j le , 
'-
4) 10 pr"~.z.n:J 
+ + ;- -t 
(XI) 
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It is thought that two enzymes85 are used in both mechanisms; one 
to form the original duplex, and a second to form the progeny nucleic 
aCid. The mechanism is not resolved, and some recently obtained 
results86 have been interpreted as indicating that only one enzyme 
is involved, and that the complementary strand of RNA plays no part 
in the replication process. 
Maturation of the virus is probably a spontaneous process 
and no energy is required. Mature viruses do not appear until the 
RNA and protein synthesis are well under way. Once the process starts 
it is quite rapid. It takes about one minute to synthesise the RNA87 
and two or three minutes later it is encapsu~d.88 
1. e) Antiviral Agents. 
89 It is not proposed to consider antibodies, interferon, 
statolon,90 helen1ne,91 or other natural products92 ,93 that have 
prophylactic or theraputic properties against viral diseases, but are 
of unknown structure. Nor is it proposed to consider broad range 
antibiotics that are active against the more complex virus of the 
psittacosis group. 
Amantadine (XII)- This compound inhibits the multiplication 
of several myxoviruses. To be effective, it must be added to the 
culture very soon after infection. It is not virucidal at the 
concentrations used and does not affect the absorption of the virus 
onto the cell surfaoe. 
(XII) 
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It is thought that amantadine affects the virus's penetration into 
the cell. Trials of this drug against influenza virus 
that it has prophylactic properties but no therapeutic 
in man, show 
ones.95 ,96 • 
Guanidine and Hydroxybenzylbenzimidazole (H.B.B.) (XIII)-
These compounds, which have similar antiviral characteristics, 
inhibit the growth of many picornaviruses.97 They have no virucidal 
action and do not interfere with the viruses' adsorption or 
penetration into the cell. 97,98 
~~ (XN OD NI I 
H 11 
(XIII) 
Their action appears to start about two hours after the infection 
of the virus, and finish when maturation begins to take place.97 ,98,99 
100 It is thought that both inhibit the formation of RNA polymerase, 
or alternatively, interfere with the messenger function of the 
101 
viral RNA. Neither drug has any toxic effect en the host cell 
at the concentrations used, but they are of little value as 
prophylactic or therapeutic agents as resistant mutants develop 
102 
very quickly. 
Pyrimidines - Iododeoxyuridine (XIV) was developed as 
an anti-tumour agentl03 but its ability to inhibit viral RNA 
104 
synthesis was soon recognised. 
-14-
(ruoR.) 
(XIV) 
It does not affect RNA viruses, with the possible exception of Rous 
sarcoma virus.105 This drug, and its variants, behave as thymidine 
analogues in the cell. They are converted to the triphosphate and 
incorporated in the DNA. This DNA. however, 
106 
normal role and cell replication ceases. ' 
cannot fulfill its 
107 The nature of 
the malfunctioning, caused by the abnormal DNA, is not known. The 
drugs attack mammalian cells and cannot be used systematically except 
as a last resort. Patients with malignant diseases, given intravenous 
108 injections of IUDR were found to be resistant to vaccinia virus. 
Used topically, IUDR shows therapeutic properties against herpetic 
keratitis in man.109 Against herpes infections of the skin, the 
results have been variable.llO, 111 
Thiosemicarbazones - These compounds inhibit some of the 
poxviruses but not other viruses, and are completely non-toxic to 
112 the host cell. The first active compound found was ~aminobenz-
aldehyde semicarbazonel13 but more active compounds, such as isat1n 
~-th1osemicarbazone (IBT)1l3(XV) and its !I-methyl and !!:-ethyl 
1111 derivatives have been developed. 
-15-
1-1 
I 
o/·rN~-LH' 
rsat;n~~ -l;hiose.m1carba2.one (i'ndol~ 2,3-d,cVle-3-
th;osem:cClrnalone} 
(xv) 
IBr does not affect viral DNA synthesis or the related enzyme 
115 116 synthe~is.' Viral m RNA, formed late in the cycle, becomes 
117 118 
unstable, and prevents the synthesis of some of the viral antigens. 
The chemical reactions involved are unknown. Numerous experiments 
with animals have shown that IBr has prophylactic and chemotherapeutic 
properties. Treatment must be started at the same time or soon after 
infection, as the semicarbazones do not affect established disease. 
N-methyl isatin-~-thiosemicarbazone (methisazone) has been 
used as a prophylactic against smallpox. Close contacts of smallpox 
in Madrasl19, 120, 121 were divided into two groups. Of 2,842 people 
in the control group, 114 contracted smallpox and 20 died; of the 
2,297 people taking oral doses of methisazone, 6 contracted smallpox 
and only 2 died. 
The thiosemicarbazones are the most useful anti-viral 
agents developed to date. 
Thioureal21 and Dithiobiuret122_ These compounds and 
severalSof their derivatives show antiviral activity. 
11 
the NH-C-NH group appears to be essential to activity. 
In both cases 
The dithiobiuret 
(XVI) has been used with limited success against poliomyelitis in 
man.123 The source of their activity is not known. 
-16-
o s s 
"0 11 " eez' N-C - -r'lI-i-C-NH-C - NH 2 
I~-(dimethYl carbamoyl) phenyl] -2,4-dithiobiuret 
(XVI) 
U 124 125,126 b d ]27 re than , !!- hydroxy and I!.- .• keto-aldehydes, igu2.nI es, 
128 129 triazines, and some steroids have also shown varying degrees of 
activity but, in general, little is known of the mechanisms involved. 
Atebrine130(XVII) and caprochlorone13l (XVIII) have also been 
shown to possess antiviral activity. 
(XVII) (XVIII ) 
132 FOlic acid analogues inhibit viral DNA synthesis but have no 
effect on RNA viruses.133 
Amino acid analogues - These have been found to have 
antiviral activity. L-threo-3-phenyl serine134(XIX) and 
=--
3(£-fluOrOPhenyl)alanine135 inhibit influenza virus. In both cases, 
the addition of phenylalanine reverses the inhibition, and the 
analogues are thought to interfere with the process of protein synthesis. 
These compounds are toxic to mammalian cells. 
-17-
In principle, the vulnerable points for attack in virus 
replication are those where its biochemical processes can be 
differentiated easily from those of the host cell. Actinomycin D 
is effective because of the high guanine content in the viral DlIA; 
guanidine and benzimidazole possibly attack the unique virus 
RNA-dependant RNA polymerase, and amantadine interferes with the 
penetration of the virus into the cell. The cytoplasmic 
replication of viral DNA and RNA, and the numerous inhibitor 
proteins required in virus replication, should yield to drug action. 
The therapeutic problems will remain even when these 
drugs are found. In many viral diseases such as influenza, yellow 
fever and haemorrphagic smallpox, it seems likely that, by the 
time the S~'i.:ptoms are apparent, the viral level is already on 
the decrease. In these cases, agents such as serosin, which 
modify the tissue response, are more useful. Nevertheless, those 
viral diseases that develop more slowly, such as measles, 
~01iomyelitis and vaccina gangrenosa, should respond to antiviral 
agents. 
'lJIE SYNl'HESIS OF FIVE AND SIX MEMBERED RINGS 
CONTAINING NITROGEN AND SULPHUR 
The 'N-C-S' fragment occurs in ve!'y many biologically 
active systems; in penicillin in the thiazole ring; in 
cernalosporin in the thiazine ring; in thioureas and thio-
semicarbazones. Heterocyclic systems containing this fragment 
and having a sugar side chain, have been synthesised and their 
biological activity measured. The conformer distribution of 
the compounds has been determined approximately by n.m.r. 
Aldonic acid nitriles and thioamides have previously been 
synthesised but only two reports of the synthesis of hetero-
cyclics, from aldonic acid thioam1des, have appeared. 
Beyerl )6 pre pared 2- [penta-Q.. acetyl _~_gluco-pentahydroxypentyl]-
-4-phenyl-l,3-thiazole from penta-O-acetyl-D- gluconcth1oamide 
= 
and -~rnenaoyl bromide, and C~as Rodriquez and Aparicio137 
prepared the corresponding 4-methyl thiazole by a modified method. 
Aromatic and aliphatic nitriles and thioamides have been 
used as starting materials for the synthesis of thiazine and 
thiazole heterocyclics. Some of the synthetic routes used are 
outlined below. An investigat10n of the suitability of these 
routes for the synthesis of thiazole and thiazine derivatives of 
the sugars is reported here. 
COndol38 and his co-workers described the condensation of 
aromatic and aliphatic nitriles with thioglycollic acid to give 
the ~imino-a!'yl {or alkyl)-mercaptoacetic acid hydrochloride (I). 
ReiN + CH (SH)CO H ---7 RC~NH.HCl 
2 2 "'S-CH CO H 2 j,: 
(1) 
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In view of the isolation of this compound (I) by Chabrier 
and Ren~rd139 as an intermediate in the synthesis of thiazoline-
-4-ones from a thioamide and chloroacetic acid, this reaction 
could offer a route to the 2-[polyhydroxyalkyl]-thiazoline-4-ones. 
In their search for a synthetic route to cephalosporin C, 
140 Barrat and his co-workers syntheSised a number of 5,6-dihydro-
-4-hydroxy-4!!-l,3-thiazines(II) by condensing thioamides with 
vinyl ketones. 
(Il ) 
141 The same ring system was prepared by Pinkus, who synthesised 
2-phenyl-5,6-dihydro-4~-l,3-thiazine(III) from thiobenzamide and 
I-bromo-3-chloro-propane. 
(Ill) 
142 Manni, Reckendorf and Banner synthesised the 
2- [polyhydroxyalkyl ]-tetrahydrothiazines (IV) from 3-mercapto 
propylamine hydrochloride and the corresponding aldose. 
CHO . CH -SH i thy mi HC/~) I I 2 . tr e la ne I 'S -/ 
(CH.OH)5 + CHa.. ) (CHOH)5 
~ CH2-~Cl A 
The conversion of thioamides to 
of the thioamide with a-halo-ketones 
(IV) 
thiazoles by the condensation 
143 
or aldehydes,(thc Hantzsch 
synthesis) has a wide application and, as previously noted, has 
been used in the sugar series. 
A number of sugar derivatives with a nitrogen and sulphur 
containing five membered ring, have been synthesised. Banner 
and Reckendorfl44 prepared the 2-[ polyhydroxyalkyl]-thiazolidines 
(V) by condensing aldoses (glucose, galactose and mannose) with 
2-mercapto-ethylamine-hydrochloride. 
CHO H N- CH )ill] I ... 2 12~c 
(CHOH)5 HS-CH2 ,,~ I - (CHOH)5 
H ~ 
tV) 
145 Schubert investigated the condensation of monosaccharides 
with cysteine, and suggested the products were 2-[polyhydroxyalkyl]-
thiazolidines(VI). 
. H N 
OH 2 'CH -CO_H c/ I 2 cr· 
,_ ...... S -GHl 
(CHOH)5 
I 
H 
0 .... 
. . . 
(v!) 146 
Vadopalaite and Karabinos treated Schubert's 2-galacto-and 
2-manno-thiazolldines with Ranay nickel under de-sulphurisation 
conditions and isolated galactltol and mannitol. Therefore, 
either hydrolysis of the carbon-nitrogen bond is taking place, 
or the original structure is incorrect. 
147 Christensen and Goodman, in search of an anti-radiation 
drug, synthesised 4 '6' -Q.-benzyl1dene-l'-Q-methyl-;:-D-a},.lopyrano-
= 
-[2!3':4,5]-2-thiazoline(VII) by the route outlined below. 
-21_ 
(vn) 
t-IH 
I 
Me-s-c :5 
148 149 Hoffmann and Gabriel ' studied the oxidation of 
thiobenzamide to give 3,5-diphenyl-l,2,4-thiodiazo1 (VIII). 
The same compound (VIII) was isolated by Ishikawal50 ,l51 by 
condensing thiobenzamide with benzonitrile and oxidising 
the resulting benziminoisothiobenzamide(IX) with iodine. 
(IX) (VIII ) 
II.b) Condensation of Thioglycollic Acid with Schiff's Bases. 
Surrey152 reported the condensation of thioglycollic acid 
with SChiff's bases to yield the corresponding thiazolidones(X). 
SCH CO H -H 0 RCH=NR'+CH2(SH)CO~ -" Rc( ~ 2 --4 
NHR 
-2-2-
R-tL 
N-O 
I . 
R' 
(X) 
A number of SChiff's base derivatives of amino sugars have been 
prepared, for example, Jolles and Morgan153 prepared the SChiff's 
base from glucosamine and 2-hydroxy-naphthaldehyde. Olucosylamines 
are considered to exist predominantly in the ring form(XI) and 
periodic acid oxidation and the observed mutorotation155 support 
this assumption. 156 There is spectroscopic evidence that at least 
some glycosylamines, for example, ~-~-tolyl-glucosylamine, exist 
in the Schiff's base form(XII) since they absorb in the infra-red 
at 1660cm-l , a region associated with C=N absorption. 
"'HR' 
He =NR' 
01-1 
014 
O\"t 
CH10H 
(XI) 001) 
Furthermore, Miller and P1Bckl151 showed that even glycosylamines 
normally considered to be in the ring form, add hydrogen cyanide 
as though they existed in the Schiff's base form. 
rF?{+I CN H C )H" 
4.'.0 , I I 
H-C=N-R ) HC - N - R' 
I I 
(CHOH)5 (CHOH)5 
h I H 
Consequently, the reaction of a number of true-Schiff's base 
sugar derivatives and glycosylamines with thioglycollic acid 
were investigated. 
II.c)The Structure of Sugar Imidazolidines 
In attempting to elucidate the basis of certain colour reactions 
158 used in the micro-analysis of amino sugars, .'3cott initially 
-2)-
suggested that the amino sugars condensed with ~enyliso~ooyanate 
to give ~-phenyl~2-thiol-4-[~-arabino-tetrahydroxy~utYl1-imidazole 
(XIII); but he later suggested159 that the compound was 
4-4ydroXY_3_phenyl_5_[~-arabino.tetrahydroxybutYll-imidazolidine-
- 6 
.2-thione(X'V). Nueberg and Woli 0 had previously invef1tigat(!d 
this react:i.on and (lollclUded that tqe produqt WaS the imida;l:()le 
(XIII) or the corresponding thione (XIV). 
GHO Ii1 Ir~' 
H,NH2 + 0-N=C=S  r-- N1i' "'SH (iHOH )4 (~HOH)4 
H H 
(XIII) 
(xv) 
r 
IC:>=E 
(CHPH)4-
I 
tt 
(XIV) 
Fernandez.Bolahos and his co_workersl61 also investigated the 
reaction and concluded that the product was I-phenyl-4.5-
_ [n-g1ucopyrano l-imidazol1dine-2-thione (XVI). 
-
This synthesis has been repeated and the n.m.r. spectra of 
the product and its, acetylated derivatives examined to provide 
further evidence of the structure of the compound. 
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CONFORMATIONAL ANA~SIS 
III.a) Importance of Stereochemistry and Conformation in 
Drug Action. 
The most widely accepted theory of drug action is the 
receptor theory.162, 16), 164 Ariens outlines the theory in 
the following way. "The interaction of receptor and drug must 
be seen as a mutual moulding of drug and receptor. There is a 
mutual adaptation as far as shape and charge are concerned." 
The interaction of a drug with an enzyme is shown schematically 
below. (I). 
i/ 17 + I _...I( 
E OZ.!;! me 
r J 
I \ ,_-
7- (\ '-_. + 
Er'I~ ",e,- &ubstrote 
q) bOr'l din9 
CJ 
) 
G n 2.::i""e + Pro d <.le ts 
Compet.; t;, \le IVlhi bi toY'" (blocks et1~~m e active 
--~\----4~ I /~!! ' 
/ I I.:.--~') ( + 
, .-
Non- c.ot'VIpet~tl"e inhibibcrs 
+ _ .. ) 
thh:bi -\;s 
substV'o.te-
dea.vG5e 
1-/nrJ 1'-"-
1 ___ .... 
W---7 '7 '\f . I.' b't . i I In,,' • S ~l(. _.( / 6ub.stV'nte 
• L ,,! bOl'ldiYl3 
(I) 
If this moulding of drug and receptor takes place, then the structure 
- 2~-
stereochemhtt'Y1.66 and conf'ormation of' the drug must be importQnt, 
The following examples illustrate that this 1s the oase. 
Antigens can be formed by l1nking oarbohYdrates to proteins. 
166,167 InJeot1on of' these ant1gens into test animals pr6duces 
ant1bodies whioh can be isolated. The ant1body~antigen rec-et-ion 
shows stereoselectivity. The amount of preoipitate, using 
homologous ancl heterologous ant1body.antigen mixtures, is showil 
in Table (i) belo~. 
Antibody Antigens 
a-Gluooside ~-Gluooside I3-Galaotoside 
-
-
Cl-Glucoside + + + + + 0 
-
I3-Glucoside ++ + + + + 0 
-
f3-Galaetoside 0 0 + + + 
-
(+ indicates relative amounts of' precipitate f'ormed.) 
Table (i) 
The four stereoisomers (IIa, b, c, d) of' chloramphenicol 
are shown below. 
CHZOH 
"'.~ f OCI'IW 11 
H tOH 
0 
I 
N Cl].. 
~(-) threo 
(a[ 
CH20H CH~OH CHz.oH 
Cl Ht! 1. , 
H t'/HCO H 
. '" HCO OCtlN H 
I I 
eliCll CHCI% 
Ho ·H 
'" O2 
~(+)~ 
(b) 
H OH 
f'Il 02-
~( +) erythro 
(c) 
kc H 
I 
N0 ... 
!? ( - )erythro 
(d) 
(l-E-nitrophenyl-2-dichloroacetamido-l.3~propanediol) 
(Il) 
The ~(-)threo compound is a highly active antibiotic. ChangIng 
the stereochemistry at Cl [~(+)threo and g(-)erythro] reduces the 
activity virtually to zero. 
C2[~(+)erythro) reduces the 
Changing the stereochemistry at 
168 
activity considerably. If these 
compounds exist in the fully extended zig-zag chain, then the 
active groups seen by a flat enzyme surface are as shown below (IH). 
In each case. the groups in the 2 and 3 positions are 
NtiR OH 
~(- )threo ~(+)threo 
OH 
Argl 
~(+)erythro ~(-)erythrO 
(Ill) 
closer to the enzyme surface. Therefore the C3 hydroxy group 
would be expected to be very important in forming the drug-receptor 
complex. This would explain the lack of activity shown by the 
~(+)threo and ~(-)erythro compounds. The ~(+ )erythro compound 
-
should bind to the enzyme and its activity could be due to 
distortion of the dichloroacetamido group. This explanation of the 
relative activity of the isomers is purely speculative, as the 
shape of the enzyme and the conformation adopted by the drug on 
its surface are unknown. 
There are several examples of small changes in a drug structure, 
enhancing, or completely destroying its activity. In the benzimide 
azoles, the 2-hydroxybenzyl substituent is essential for anti-viral 
169 
activity. Alkylation of one of the imidazole nitrogen atoms 
enhances activity as the homologous series is ascended as far as 
propyl, but has little effect thereafter.169 
III b) The Conformation of Straight Chain Sugars. 
It is cenerally assumed that straight chain sugars exist 
in the fUll~T extended zig-zag chain. This assumption is supported 
by the work of Barker, Bourne and Hhiffen170, 171 on the formation 
of cyclic ecetals by polyhydric alcohols. Fbr example: 
1,5-dibenz<yl-D-arabitol could form an aT, an ~C or a ~T cyclic 
- -
acetal. (l'sing the above authors t nomenclature - C and T re fer 
-28-
to cis and trans on the Fischer Projection(IVa) and ~ and 1! denote 
the relative positions of the carbon atoms carrying the oxygens 
involved in acetal formation). 
CH::.06:r. 
I 
HO -{ 
I [011 
I OH 
CHz.08 z. 
(a) 
01;1 H H 14 
(b) 
(IV) 
If the zig-zag conformation(IVb) is adopted, then the distance 
o 68 0 between the oxygen atoms 02 and 03 is 2.83A , 03 and 04 is 3. A, 
and 02 and 04 is 3. 43Ao • The optimum oxygen-oxygen distance for 
acetal formation is 2.34Ao and therefore the ~ T acetal should be 
formed. 172 Haskins, Hann and Hudson isolated the ~ T acetal, 
1,5-dibenzoYl-2,3-benZYlidene-~-arabitol, in high yield (73%). 
Barker, Bourne and Whiffen considered several cyclic acetals and 
were thus able to rationalise the Hann-Hudson rules.173 
Schwarz174 found that adjacent hydroxy Is in a threo relation-
ship in hexitols, are preferentially oxidised by periodate. It 
is generally thought that periodate oxidation involves the 
formation of a five membered ring complex, in the first instance, 
and it preferentially attacks glycols where the dihedral angle 
between the hydroxyl groups is small. If the hexitols exist in 
the fully extended chain, then the threo hydroxyls will have a 
600 . 0 dihedral angle of and the erythro of 180 and therefore the 
threo arrangement should be attacked preferentially by periodate. 
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Nuclear magnetic resonance spectroscopy has been used 
extensively in conformational analysis of simple acyclic compounds 
175 to 178 179 to 183 18) and of pyranose sugars. Stevenson and Lernieu:{ 
studied the acetylated pyranose sugars, and the coupling constants 
they observed give a useful starting point for studies of acetylated 
acyclic sugars. All the above analyses are based on the Karplus 
Equation (V)184, 185 or some modification of this equation. 
JHH , = A + Beos Id + C cos 2 Id --- (v) 
where JHH , is the coupling constant between vicinal protons, Id is 
the dihedral angle and A, B and C are constants. 
Karplus derived the equation from a quantum mechanical analYSis 
f th i 1 t t H·C C· H o e s x e ec ron sys ern • : • • The values of the constants 
A, Band C are modified to suit the observed values in different 
types of compounds. 
Optical rotation has been used as an indication of the con fig-
186 
uration of the !! and 1l hydroxy groups in sugars. The ni trUe rule, 
the benzimidazole rule,187 and the phenylosotriazole rule188,189 
all relate the sign of the ro:ation to the configuration at C2 • 
More general approaches to optical rotation-structure relationships 
are outlined by \'1h1ffenl90 and Brewster.191 They both conclude 
that the Van' t Hoff Principle of superposi tion is invalid. Whiffen, 
who considers ring sugars, in particular containing only oxygen, 
carbon and hydrogen, ignores the optical rotation terms associated 
wi th the individual asym metrio centres, and considers only terms 
arising from vicinal arrangements. The essential steps in ~,1h1ffen' s 
method are outlined below. In a four atom fragrnent(VIa) the 
contribution to the optical rotation is dependent on the sine of 
the dihedral angle (~), therefore when ~ = 00 or 1800 the contribution 
is zero, 
~O -
OH 
\~ 
(a) (b) (c) 
(VI) 
'>'Then %> 0 <1800 the contribution is positive,and when 91> 18O~360° 
the contribution is negative. The proportionality constant is not 
evaluated, but b,y considering pyranose sugars of known conformation, 
'tIhiffen was able to assign values to groups of contributions,e.g. 
0/0-20/H+H/H = 450 
'tIhere % symbolises two oxygen atoms and O/H an oxygen atom and 
a hydrogen atom with a gauche arrangement as in (VIb and c). A 
positive sign indicates an angle of +600 and a negative sign 
o indicates an angle of 300 both measured in a clockwise direction. 
The sugar being examined is broken down into the individual 
vicinal contributions and these are rearranged to fit 'tIhiffen's 
group rotation parameters. The observed rotation is compared to 
the calculated rotation. The agreement between observed and 
calculated values, within the range of compounds considered, is 
very good. In Whiffen's calculations, the following assumptions 
are made 
i) The contribution from asymmetric centres in compounds 
containing cnly carbon, hydrogen and oxygen and no multiple 11nks, 
is small, and can be ignored to a first approximation. 
ii) Only staggered conformers need be considered. 
i11) The attachment atom, and not the attached group, governs the 
contribution; therefore CH) and C~OH are not differentiated. 
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This restriction is relaxed for ring oxygens which are differentiated 
from alcoholic oxygens. 
iV) That each vicinal increment is unaffected by the rest of the 
compound and that the vicinal increments may be added algebraicly. 
Brewster's treatment is more general. The direction of rotation 
is governed by the difference in the polarisability of the groups 
attached to the asymmetric centre. In (VII), if the polarisability 
is in the /3 
• A 1:[ ==.. c .....:::::::::::.::J::J C 
j 
o 
(VII) 
order A> B> C >D then dextro rotation takes place. By 
considering compounds with pure asym metric centres, Brewster draws up 
a table of rotational rank which shows that atomic refraction can 
be used as a measure of polarisability. The contribution of a 
fragment such as (VIa) is given by equation (VIII) 
. 1 l: 
[M] = 160 R 2" x R 2" A At (VIII ) 
t~here RA is the atomic refraction of atom A and M is the contribution 
to the observed rotation. Brewster calculates the optical rotation 
for some optically active paraffins and gets very good agreement with 
observed values. 
Nei ther ~lhi ffen' s nor Brewster' s method has been applied to 
acyclic sugars. 
-32-· 
ORGANO LITHIUM REACTIONS 
Relatively little work has been reported on the reaction of 
organo-lithium compounds with sugars. Hurd and Holsz~92 examined 
the reaction of phenyl and butyl lithium with acetylated halo-
sugars. From the reaction of phenyl lithium with tetra-Q-acetYl-
-~-g-gluc~pyranosYl chloride. they isolated ~_~-~lucopyranosYl 
benzene (~O;» and a second major product (3O%.A) with the same 
analysis. which was not the ~-anomer. They supposed that the 
configuration of one or more of the asymmetric centres had' altered 
during the cleavage of the acetyl groups by the phenyl lithium. 
In a reaction of tetra-O-acetyl-a-D-glucopyranosyl bromide and 
- -- . 
phenyl lithium. only the unidentified sugar (A) was isolated. 
English and Levi93 studied the reaction of phenyl lithium 
and methyl lithium with ~.2-2-isopropylidene-3-2-benzyl-5.6-
-anhydro-g-glucose (r). Phenyl lithium with (I) gave the expected 
1.2-isopropylidene_3_benzyl_D-glucofuranosyl-6-benzene. Methyl 
-= 
lIthium reacted with (I) to give 1.2-2-isopropylidene-3-2-benzyl-
-5-deoxy-5.6-D-glucoseen(11) • 
... 
(I) (Il) 
The work described here concerns the use of suitably protected 
sugars in reaction with organo-lithium compounds. 
RESULTS AND DISCUSSION 
THE SYN'IHESIS OF FIVE AND SIX MEflCu3ERED RnJGS CONTAIIl:':NG 
.. NITROGEN AND SULPHUR, 
l. a) Synthesis of Sugar Nitriles. 
Aldoses readily condense with hydroxylamine hydrochloride, 
in buffered solution, to form the corresponding oximes.lg4 ,195 
The structure of sugar oximes is not well characterised. Both 
syn-~ isomerisation and cyclo-acyclo tautomerisation are 
possible (la, b, c and d) and this 1s 
OH 
H N 
.... & 
I 
OH 
.--::> 
OH 
~HO 
OH OH 
OH OH 
CH20H CH20H 
(ra) (Ib) 
..-.:::" 
~ 
(Ic) (Id) 
reflected in their reactions. Thus, glucose oxime, on acetylation, 
g1 ves a mixture of the acetylated nitrile (Il) and the hexa-Q.-
-acetyl ox1me (Ill) which differs from the hexa-£-acetYl oxime 
prepared from 2,3,4,5,6-penta-~acetYl-aldehydo-g-glucose. 
C=NOH 
I Ac20/Pyridine (CHOH)5 --="----~> 
I 
H 
c:N 
I" (rHOAC )5 + 
H 
(Il) 
~CH2~AC _OAC. OAc 
01\0 (IIl) 
The ox1mes mutorotate in aqueous solution196 and this is generally 
accepted as resulting from the establishment of equilibrium 
between the ~ and ~ forms (le, ld). In contrast, it has been 
-;4--
assumed that the oximes exist preferentially in the straight 
chain form, since acetylation usually gives the corresponding 
. l~ 
nitrile as the major product. Deulofeu and Labriole De Restelli 
studied the acetylation of several sugar oximes but were unable 
to explain thei):, re suI ts in terms of the structure of the o;:ime. 
They suggested that the ratio of acetylated nitrile to straight 
chain acetylated oxime was related to the ratio 0:1.' ~ to ~~ 
oxi~. The percentage of acetylated nitrile, acetylated straight 
chain oxime and acetylated cyclic oxime, calculated from reports 
in the 11 terature are shown i:1 ':LabIa (1). 
No work has been reported of attempts to measure the ratio 
of ~ to ~ oxime in the sugar series but Karabatos, Taller 
200 201 
and Vane' studied the syn-~ isomer distribution of 
al1phatic oximes by n.m.r. 'Ihey based their assignment on the 
assumption that a; R (in IV) changes from methyl, to ethyl, to 
isopropyl, to tertiary butyl, the. ratio of IV/V will increase. 
R, ;.c .. N 
Ha 'OH 
(IV) 
R, 
;c===' C 
... H1i' 
(v) 
The proton Ha in the ~ isomer occurs at~. 0.7 'l' lower field 
than the corresponding proton in the ~. isomer. R]cently, 
202 Kleinspehn and his co-workers have examined n.m.r. spectra of 
several oximes, using dimethyl sulphoxide as a solvent. Dimethyl 
sulphoxide strongly hydrogen bonds to the oxime hydroxy group; 
This results in the hydroxy proton appearing as a sharp peak at 
a. constant chemical shift over a wide range of concentr~.tion. 
I --
, 
Sugar Conditions Total Acetylated Acetylated Acetylatecl 
Yield Nitrile Acyclic Cyclic 
Oxime Oxime 
I 
Arabinose Pyridine/Ac2O:3/2 Oxime198 
ooc. 56% 100% - -
Xylosi As above 14% 100% - -OJ:~me 98 
Rhamnose 
Oxime198 
As above 19% 100% - -
Rhamnose As above 49% 40% - 60% 
Oxime* 
Ribose As above 25% 100% - -
Oxime* 
Glucose 
Oxime198 
As above 57~~ - - lOO~~ 
Mannose As above 65% - 100% -
Oxime198 
2-Deoxy- As above 34% 100% - -
glucose* 
Galactose As above - 505"& 50% -
Oxime199 
Galactose 25°C 68;3 3)~% 34% 32% 
Oximel99 
Galactose Na AC/Ac2O Oximel99 
(High temp.) 32% 57% - 43~ 
Fucose 
Oxime197 
Fyridine/AC2O:1/1 
OOC. 72% - - 100% 
15°C. 74% 39% - 61% 
100°C. 71% 62% - 38~j 
Glucosamine As above 
Oxime197 OoC. 107% 100% - -
* Our results only quoted where they are substantially different from 
the literature values o~ where no values could be found. 
Tablll (i). 
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They found that the chemical shift difference between the eeg proton 
and the =N-Og proton was £!:!.. 31' for syn-isomers and 4 "( for wt-
isomers. Tabulated below, Table (ii~are the syn-~ distributions 
of some sugar oximes. As it is generally unneoessary to purify 
the oxime prior to synthesising the nitrile, these resUlts are 
reOOrded on the o~e dried oxime, no attempt at crystallisation 
being made, The concentration of oxime in dimethyl sulphoxide 
(DMSO) was 10~ or less. 
Sugar Oxime ~~ % Anti 
-
.., (cg-NO!! )Syn Y (CH-NOH)Anti 
- --
Arabinose 75 25 3.15 4.0 
Xylelle 80 20 3.2 4.1 
Ribose 0 100 
-
4.1 
Rhamnose 100 
-
3.2 
-
Glucose 62 38 3.35 4.3 
Galactose 37 63 3.15 4.0 
Mannose 100 
-
3.15 
-
Glucosamine 
-
100 
-
4.0 
Table (11) 
There appears to be no simple relationship between the structure of 
the sugar and the type of oxime formed. There is evidence to show 
that oximes undergo trans elim1nation203 and one might expect that 
predominantly syn-oximes would give high yield~. of acetylated oxime, 
while- the predominantly ~-isomerio sugars w~ld yield the nitrile. 
This, however, does. not appear to be the case. -Jomparisons are 
difficult to malee because the total yields in thCl'e reactions are 
very variable. The conformer distributi.onin the "'eaction mixt'lre 
-37-
(pyridine/acetic anhydride) may well be different from that in 
DMSO. The n.m.r. spectra of xylose, arabinose, ribose, glucose, 
galactose, mannose, rhamnose &nd glucosamine oximes, did not 
change over short period:; in OMSO, even uftel' 'che addi t::'on of 
small amounts of water. The ccmplete absence of 'G::; l~ proton 
(~. 4 "l ) ShOYled that t:".;,::::~e snsc.: . .:'S ex-U;;t. in th3 acyclic fOi",-:1 ~ 
The n.m.r. spectra of :::o.rti.10Sc and xyloce o:c::"mGa ',~::'3 2.1S0 eJ::.r~mined 
in DrtSO (d6 ) and the overall integration cO:lfirn;aCl tbc.t these 
sugar oximGs 1'73:re in the r.c~tclic form. c:~~~ specinXM of g:::tlactosG 
oxime from aqueous o.lcchol gives the ~-anomer (VIb) of the 
pyranose form of the oxIme. 
HC=I:ClH 
HO +:1 
-t0l{ 
CH
2
0H 
Acycli'J 
Arc,'Ji~c':3 O:time (VI) 
The n.m.r. spec"cr.:l. of the a~yclic, ~, al'ld a r.:ixtu::" of the C( Clnd 
f3 forme; cl' arab-inosG o::rimG ~.:C3 :311')t.'ln in Plates Ib .. IIa~ and lIb 
respectively. '[he dihedl'al z"1gle bet,:~e'l the ano::JGric proto:l Clr:d 
the 02 proton in the [l fOl'm is 600 and therefol'e, a coupling 
const~,nt of 2-4c/s should bc] observed. 'L10 (,iClf,r,:,,,t, fc:::, the 
anomeric proto:l, at 5.1 T h \3 coupling const,mts of 2,lfc/s and 
5.1c/s. '[he Ki proton o.t 3.951' has a coupling con::;t.~nt of 5.1c/s 
>lith the anomeric protO'l. Tt.e nr.SO,(d6 ), in which this experiment 
was cr".rried out, contained suftj ~tent Hater to cause mutorotat.tot'\. 
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After fifteen hours, a second quartet at 4.9f was present in 
the spectrum with JH NH= 5.1c/s and JH H =6.7c/s, which is 
-1 - 12 
consistent with the coupling expected for the a anomer. Only 
the cyclic oxime of arabinose shows apprecicble mutorotation, as 
would be expected from the n.m.r. spectra. The specific rotationn 
are listed in Table (iii). 
Sugar [a)D DMSO [a)D DMSO Lit.Value* l + H2O [a)D H2O 
D-Xylose oxime 7.60 5.~ I 
-
= 
D-Mannose oxime 0 o 8 0 +3.80 -7.0 -7.0 ~ - .1 
= 
L-Arabinose oxime 42.10 42.10~31.00 H2.3° 
<= (acyclic) 
L-Arabinose oxime 
= (cyclic) 
101.90 101.9°~ 33.20 +12.30 
Table (11i) 
*All rotation values quoted in this thesis (unless otherwise 
stated) are taken from J.Stan~k, !1.CernY, J.Kocourek and J. 
Pacak, "The Monosaccharides", Academic Press, New York and 
London, 1963. 
The mutorotation is shown to be first order by a straight line 
plot (VII) of log'lO concentration of the P anomer (observed 
rotation-mutorotation) against time. 
5000 
4000 
3°00' 
Time 2000 
(mins. ) 
1000 2 
I 
log. 10 concentration 
(VII ) 
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It appears that in DMSO, the cyclic and acyclic forms are 
not in equilibrium. In the case of xylose oxime, the n.m.r. spectrum, 
in deuterium oxide, shows two low field doublets at 1.7"'" and 2.35. 
which integrate overall for one proton. The spectrum is therefore 
consistent with that expected for a mixture of 2Y~ and £nti 
isomers only, and does not change with time. TI1erefore, either 
the equilibrium between cyclic and acyclic must 3trongly favour 
the latter, or cyclic and acyclic forms are not in equilibrium 
in this solvent. 
There is no evidence to show that the isomeric distribution 
of oxime controls the relative yield of acetylated nitrile, 
acyclic oxime and cyclic oxime. 
I.b) Condensation of Thioglycollic Acid with Nitriles. 
138 Using the method described by Condo, ~-iminomethyl-
mercaptoacetic acid hydrochloride (VIII) was prepared. This 
salt was treated with aqueous sodium bicarbonate but chloroform 
extraction gave only negligible yields of 2-rnethyl-thiazoline-
4-one(IX). Improved yields (20%) of the thiazoline were 
achieved if an alcoholic solution of the iminomercapto acetic 
acid hydrcchloride was heated under reflux with a weakly basic 
resin. T,le yield of the thiazoline was further improved (43%) 
by reaction under reflux with sodium bicarbonate in absolute 
ethanol. During this latter reaction, sOme ammonium chloride 
was deposited onto ~,he walls of the condenser. The residue from 
the cold ;'eaction m: .xture was separated, and ammonium chloride 
.1101-
isolated by sUblimation (yield 25%, based on nitrogen). A 
high boiling fraction which collected during the distillation 
of the 2-methyl-thiazoline-4-one was shown to be acetamide 
(yield 27%) by spectral and elemental analysis. 
Attempts to condense penta-O-acetyl-D-glucononitrile with 
- = 
thioglycollic acid ~Iere unsuccessful. The sugar nitrile is not 
very soluble in ether at DOe and saturation of the ether with 
hydrogen chloride' reduces the solubility still further. After 
o 
several days at 0 e the starting material was largely recovered. 
Starting materials were the only isolated product when the reaction 
o 
was carried out at 25 e, even after several days. Experiments 
were made using dry dioxan or diglyme as solvent, in both of which 
the sugar nitrile is very sOluble. The sugar nitrile was still 
recovered largely unchanged but small amounts of the corresponding 
sugar amide were also isolated. Fhen reaction was attempted using 
ethyl thioglycollate in place of the free acid, again no 
condensation products were obtained. It appears that sugar 
nitriles do not readily form ~-iminomercapto acetic acid 
derivatives. 
I.c) Synthesis of Thioamides. 
A somewhat improved method has been developed for the 
synthesiS of the fully acetylated sugar thioamides. The 
acetylated sugar ni tr ile was dissolved in pyridine, and hydrogen 
sulphide passed into the solution, triethylamine having been added 
136,137 
as a catalyst. This has the advantage over previous methods 
that the reaction mixture is homogeneous. In most cases, high yields 
were recorded. It was observed, however, that the presence of even 
small amounts of acetylated oxime in the acetylated sugar nitrile 
-41.'-
strongly interfered in the reaction and resulted in no thioamide 
being obtained. The thioamides are crystalline solids, with the 
exception of D-mannono-thioamide which failed to crystallise even 
= 
after preparative layer chromotography (P.L.C.). The physical 
properties of the thioamides are recorded be1ow.(Table iv). 
Fully acetylated 
0 UV (MeOH) A1dono-Thioamide M.Pt. C. Yield I.R.Spectra 
?-max Emax (NuJol) cm.-· 
D- Glucono 147-8 94% 272 
= 
9500 3420, 3310, 3200, 1625 
D-Galactono 131-3 61V\ 272 8000 3400, 3350, 3230, 1630 
-
2-Amino-D- 148-50 74% 272 9400 3450, 3320, 3200, 1650 
glucono -
D-Ribono 
= 
119-121 67% 272 8000 3360, 3280, 3180, 1630 
D-Xylono 138-40 9O~ 272 9600 3450, 3400, 3300, 1640 
-
L-Arabono 196-8 89% 272 9800 3410, 3350, 3300, 1640 
-
D-Mannono 
- 15% 259 7300 3380, 3300, 3190, 1620 
-
Table (iv) 
Tetra-2-acetyl-2-deoxy-~-glucononitrile failed to give a thioamide 
by this method. 
The n.m.r. spectra, which are discussed in more detail in the 
next section, show two very broad low field peaks which suggests 
the protons are attached to nitrogen. It might be expected, by 
analogy with the amides, that thioamides exist in the thione form. 
The N-H stretching frequencies in amides and thioamides are similar. 
(-Table v). 
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N-H Stretching Frequencies N-H Stretching Frequencies 
in R - CONH2 in R - CSNH2 
3500 -1 cm 
3400 -1 3400 -1 cm cm 
3350 -1 3300 -1 cm cm 
3180 -1 3200 -1 cm cm 
Table (v) 
Acetamide absorbs at 2lll mt- and a large bathochromic shift is 
expected when C=O is replaced by C=S.204 Replacing C=O by C=N(as 
I 
-' 
in oxime) does not give rise to a bathochromic shift. The U.V.spectra 
indicate that the sugar thioamides exist in the thione form. 
I.d) Synthesis of Thiazines from Thioamides. 
The condensation of thiobenzamide with methyl vinyl ketone, 
catalysed by boron trifluoride etherate, to give 2-phenyl-4-methyl-
4-hydroXY-5,6-dihydro-4~-1,3-thiazine (X) has previously been 
140 
reported. 
CH ~2~ BF f1-0- ~ 
- CH b09!f 
3 
We found the scope of the reaction to be very Hmi ted.' NO thiazine 
was isolated when thioacetamide or aldonothioamides were used in 
place of thiobenzamide. Even with thiobenzamide itself, substitution 
of mesi tyl oxide or benl!i lacetophenone for methyl vinyl ketone, 
reduced the yield considerably. No thiazine was isolated when 
crotonaldehyde methyl benz'alpyruvate or ethyl cinnamalpyruvate 
were reacted with thiobenzamide. 
A yellow crystalline solid separated from a solution of mesityl 
oxide, thiobenzamide and boron trifluoride on standing. Shaking a 
chloroform solution of these crystals with aqueous sodium bicarbonate, 
gave 2-phenyl-4,6,6-trimethyl-4-hydroxy-5,6-dihydro-l,3-thiazine. 
The physical properties of the thiazine are recorded in Table (vi). 
The n.m.r. spectrum showed five aromatic protons at 2.4 ~ ; a 
hydroxy proton at 6.41" ; which readily exchanged with deuterium 
oxide; the methylene protons at 7.95~and 8.25Y with a geminal 
coupling constant of 14c/s; one methyl group at 8.50'" and two 
methyl groups at 8.55-(. The elemental analysis gave the 
required empirical formula. After three days, a further crop of 
crystals were separated from the reaction mixture and after 
purification were shown to be 3,5-diphenyl-l,2,4-thiodiazol (XI). 
This compound was characterised by comparing it with a genuine 
sample of 
iodine as 
the thiodiazol, prepared by oxidising thiobenzamide with 
148 described by Hoffmann. 
N-C-0 
/j I )0-\ +H2S+2HI 
S-N 
(XI) 
The condensation of thiobenzamide with benzalacetophenone gave 
variable results. In the initial experiment, an oil separated from 
the reaction mixture, which, on neutralisation, was shown by thin 
layer chromotography (T.L.C.) to contain starting materials and 
three other components. The major component was isolated in 15~ 
yield and shown to be 3_~_benzoyl_l,3_diphenyl_propan_1_one(XII). 
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id - C = 0 0 
I li 
s - CH- CH2 - C- id I 
id 
(XII) 
-1 The I.R. spectrum showed the presence of S - C = 0 (1665 cm ) 
and id - C = 0 (1685cm-l ) groups and a typical mono-substituted 
benzene pattern. Elemental analysis gave the required empirical 
formula. The n.m.r. spectrum showed fifteen aromatic protons, a 
methine proton at 4.80'Y and the methylene protons at 6.20"')' • 
The coupling between the methine and methylene protons appear as 
an A2X system with a coupling constant of 7.6c/s, rather than an 
ABX system. The possible fully staggered arrangements around these 
carbon atoms are shown below. (XIII) 
• C=O 
~ 
(a) 
id 
·"vk··H3 
H2 ~-C-id 
, 11 
C=O 0 
I 
id 
(b) 
(XIII) 
(c) 
The most lilcely explanation for the simple spectrum is that 
conformers (a) and (b) are nearly equall:' populated, with 
negligible population of (c), and that the average shielding 
experienced by the protons H3 and H31 is the same. 
A small amo~t (15 mg) of a second component was isolated 
and this gave tr~ correct elemental analysis for the sulphc~e(XIV) • 
• 
-4;-
There was insufficient material to confirm the structure and 
attempts to oxidise ~methyl-4-hydroxy-l,3-thiazine to the 
sulphone, by standard methods, 11ere unsuccessful. 
OH 
\ 
N-C-1O 
)6 - (!. "'-CH 
\-CH/ 2 
/\\ I 
o 0 y5 
(XIV) 
In a further experiment, the 2,4,6-triphenyl-4-hydroxy-5,6-
dihydro-l,3-thiazine(XV) was isolated and its physical properties 
are recorded in Table (vi). The elemental analysis gave the 
required empirical formula. 
OH 
I 
(xv) 
The n.m.r. spectrum sho~led fifteen protons at the low field; 
a me thine proton at 5.61'; the methylene protons at 6.3'r and 
a singlet at 8.34 l' which exchanged with deuterium oxide. 
Thiazine M.Pt Yield W 
Amax E.max 
2-phenyl-4-methyl-l~-hydroxy 133-134°C 60% 240 m)A 15,200 
-5,6-dihydro-4~-1,3-thiazine. 
2-phenyl-4,6, 6-trimethyl-4- 105-106oc 21~ 239 mp. 16,600 
hydroxy-5,6-dihydro-l,3-thiazine. 
2, 4,6-triphenyl-4-hydroxy-5, 6- 115.5- 15% 243 mJA- 36,000 
dihydro-l,3-thiazine. 116.5OC 
In attempted condensation using aldonothioamides and thioacetamide, 
only unreacted thioamide was recovered. The reaction of 
thiobenzamide with crotonaldehyde gave a small amount of a black 
viscous syrup which showed a continuous band from Rf 1.0 to 
Rf 0.0 on T.L.C. 
An attempt to condense ~-bromo-tetra-O-acetyl-D-glucopyranose 
- - ~ 
wi th 2-phenyl-1f-methyl-4-hydroxy-l,3-thiczine to obtain the 
thiazine glycoside was unsuccessful. Th0 solvent used in this 
reaction ~las t-butanol and this preferentially reacted with the 
brom~cetylglucose, giving ~-t-butyl-2,3,4,6-tetra-0-ac0tyl-D-
-- -;..: 
glucanopyranose. The hydroxyl group in the 4-position in the 
thiazine is, therefore, less reactive th~n a normal tertiary 
carbinol. 
The condensation of an ~·~-dibromoketone, with a thioamide, 
-,"-
was examined. This could theoretically give rise to a thiazine 
or a thiazol. The reaction was first attempted with thi.ooonM.midp 
and dibromobenzal-acetophenone. These were reacted under reflux 
in absolute alcohol with sodium carbona':" (to remove any hydrogen 
bromide formed.) DehyC:.-c:Oromir,.".tio::l occurred, giving a high ,rieid 
of the o:-bromobenzal acetophenone. The experiment was reP0ated 
~li th no added sodium carbon'"te. Startin~ mater1. ~.l", ~-brOll1obenzaJ 
acetophenone (16%), 3,'5-dir~,enyl-.l,2,4-thiodiazol (6%), 
3,£-benzoyl-l,3-diphenylpropan-l-one ('5~) ar~ one uncharacterised 
component (2%), were isolated by column chromotography. The 
production of the thiodiazol implies m::.dation of thz thiobenzcmide 
under th0se conditions, which is surprising. This oxidati~::l bas 
been accomplished with thionyl chloride a'1d ee:cz8!'sul ph.cnyl 
20'5 206 
chloride ' but no mechanism ~TaS reported. 3-?.-Benzoyl-l,3-
diphenylpropan-l-one must b0 th0 product of a reduction process, 
but we have no evidence that a linked oxido-reduction process is 
occurring. The reaction shows little promise as a route to 
thiazines. 
The reaction of a ~-halo ester with a thioamide was examined. 
An alcoholic solution of thiobenzamide was heated under reflux 
with ethyl ~-iodopropionate, the expected product being 2-phenyl-
-
4-hydroxy-6IT-l,)-thiazine. (XVI) The major product was benzamide. 
OEt 
/ OH 
NH2 0 = C <N~ / '\ )<1 - C + /H2 ~ )<1-~ 
S I - CH2 
(XVI) 
The reaction was repeated using sodium acetate as a buffer, but 
this caused the elimination of hydriodic acid from the ~-iodo-ester, 
giving ethyl acrylate. The reaction was also tried using pyridine as 
a solvent but although no pyridine salt was formed at room 
temperature, it is formed at higher temperatures and the only 
product isolated was the ~-carboXYlethYl pyridinium iodide. 
Finally, thiobenzamide was reacted under reflux in anhydrous 
acetone ~Ii th barium carbonate as added base. After five days, 
the reaction mixturo was examined by T.L.C. which showed that 
only minor changes had occurred. A small amount of a product 
was isolated which was insufficient for characterisation, although 
its U. V. spectrum 11. max 270, ~ max .£!:.. 40,000, was consistent 
with that of the expected thiazine. The reaction was repeated 
using gluconothioamide, but no condensation took place. 
. 141 Pinkus reported the condensation of thiobenzamide with 
I-bromo-)-chloropropane. 'Ihis reaction was repeated and 2-phenyl-
-43-
-5,6-dihydro-4li-l,3-thiazine was isolated in good yield (77%). 
However, when the reaction was attempted with gluconothioamide, 
no hydrogen bromide was evolved. The reaction mixture darl{ened 
and the resulting tar could not be resolved. 
I. e) Synthesis of Thiazoles from Thioamides. 
Beyer and Schultz136 isolated 2_[D-gluco-penta-Q-acetyl-pentyl)-
-
4-phenyl thiazole from the condensation of gluconothioamide with 
<:;:.-phenacyl bromide. 11e ~Iere unable to repeat their work using their 
reaction conditions. Chromatography of the reaction mixture gave, 
as the major fraction, material which appeared by T.L.C. to be 
largely homogeneous, contaminated only with small amounts of 
starting material. However, examination showed that this 1"las not 
the expected thiazole. The n.m.r. spectrum, for example, indicated 
that the product was a mixture which contained no thiazole. The 
U.V. spectra sh01~ed an absorption band at 310 mpr (6'~' 13,000) 
which is inconsistent with a thiazole structure. An absorption 
-1 ""'" in the I.R. at l690cm and at 7.2", in the n.m.r. spectra, 
indicated that ~-acetylation might have occurred, but attempts 
to prepare ~-acetYl-penta-Q-acetyl-g-gluconothioam1de were 
unsuccessful. It was found that the thioamide and ~-phenacyl 
bromide could be successfully condensed by reaction together under 
reflux in dry acetone, in the presence of sodium hydrogen carbonate. 
A number of other halo-compounds were examined. No thiazole was 
isolated in attempted condensations of penta-O-acetyl-D-gluconothio-
- = 
amide with chloroacetone, bromoacetone, ethyl chloroacetate or ethyl 
bromoacetate, although a variety of products were obtained from 
phenacyl halides. The physical properties of the 2-aldono-thiazoles, 
prepared by this method are recorded in Table (vii) below. 
-49-
R R' M.Pt. Yield U.V. (r1eOH) 
..-
7I,mal<""JJ cm"", 
Q-gluco-penta-Q-acetyl pentyl id 120_)oC 425$ 255 16,200 
D-gluco-penta-O-acetyl pentyl OBr 126- 82% 260 17,800 = - 128°C. 
Oe ° D-gluco-penta-O-acetyl pentyl 80-81.5 ~O% 255 16,600 
- -
g-gluco-penta-hydroxy pentyl-D 02 1800 c 56~ 315 12,000 (decomp.) 
D-galacto-penta-O-acetyl pentyl- 56 120.5- 96% 253 16,200 
- - I 121.5°C -
D-galacto-penta-O-acetyl pentYl-Or syrup 47% 260 16,200 
- -
L-arabo-tetra-O-acetyl butyl-
- -
Or 91-94°c 55~ 26) 16,500 
D-xylo-tetra-O-acetyl butyl-
- -
56 syrup 70% 262 12,000 
D-xylo-tetra-O-acetyl 
= -
butyl- Oar syrup' 81% 254 13,000 
Table (" i l) 
The reaction of penta_O_acetyl_D-gluconcthioamide with ,E-bromo-phen"cyl 
- = 
bromide was followed by U.V. spectroscopy. Samples were withdrawn 
from the reaction mixture, suitably diluted and their U.V. spectra 
examined. A plot of the change in extinction coefficient against 
time, at two wavelengths where maxima occurred, is shown below. 
(Diagram XVII). Glucono thioamide, ,E-bromo-phenacyl bromide and 
2-gluco-4-phenyl-l,3-th1azole, all absorb strongly at 260 ~ 
and to a lesser extent at 219 m~ • 
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A possible reaction scheme is outlined below. (XVIII). 
(XVIII ) 
It is supposed that the intermediate absorbs strongly at 21.9 m~ 
and weakly or not at all at 260 mp. • In1 tially, the starting 
materials are used up, forming the intermediate, thus the 
absorption at 21.9 mj40 increases, and that at 260 m}'_ decreases. 
As the concentration of the intermediate increases, the rate of 
the second reaction will increase, and the intermediate will 
finally break down to give the product faster than it is formed. 
During this stage of the reaction, the absorption at 21.9 ~ 
decreases and that at 260 ~ increases. The U,V, spectra indicate 
that the intermediate is fairly stable. 
Unfortunately, the intermediate was not isolatable and the 
overlapping of the absorptions from the starting materials and 
product, prevented any quantitative analysis. The n.m.r. 
absorption for the proton in the 5-position in the thiazole ring 
-;1-
is markedly solvent-dependent in the case of 2-arabino- and 
2-gluco-g-bromo-phenyl thiazoles. The chemical shift of some 
2,4-disubstituted thiazoles in chloroform and DMSO were examined 
and are collected in Table (viii). 
R R' )'1 CDC13 .. DMSO Tl -
" 12 2 
D-gluco-penta-O-acetyl OBr 2.39 1.19 0.60 = pentyl- -
L-arabo-tetra-O-acetyl OBr 2.51 1.85 0.72 = butyl- -
fi5 f6 2.4 1.81 0.53 
fi5 OBr 2.28 1.13 0.55 
as f6 1.98 1.93 0.05 
CH3 O-Br (insolublei.97 -
H CH3 3.08 2.10 0.38 
fi5 CH3 3.15 2.10 0.45 
Table (viii) 
Both the 2- and 5- hydrogens in the thiazole ring are "acidic" 
and can be replaced by lithium. These protons might, therefore, 
hydrogen bond with DMSO, thus showing a shift to lower field. 
Considerable shifts to lower fields are recorded for all but 
2-methyl-4-phenyl-l,3-thiazole. We are unable to explain 
this anomalous result. 
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r.f) The Reaction of Thioglycollic ACid "11th Schiff's Bases.l52 
The condensation of thioglycollic acid with a SChiff's base 
gives a thiazolidine-4-one. (XIX). 
(XIX) 
N_phenyl_D-glucosylamine, N-p-tolyl-D-glucosylamine and 
- - -- = 
N-o-tolyl-D-glucosylamine were synthesised and reacted with 
-- = 
thioglycollic acid, using azeotropic distillation to Bmove any 
water formed. In each case a 1:rown-lihck tar resulted from which 
only small amounts of the starting material could be isolated. 
Considerably more than an equimolar amount of water was eliminted. 
Even if the reaction was stopped, after one mole equivalent of 
water had been collected, a complex mixture resulted. From this 
mixture, only starting material could be separated. The sugar 
was clearly dehydrating under these conditions. It was considered 
that acetylation micht stabilise the hydroxyl groups. When 
~-£-tolYl-~-glucosylamine was acetylated, a tetra-Q-acetyl 
derivative was obtained, the n.m.r. spectrum of which showed it 
to be in the glucosylamine rather than the Schiff's base form. 
No condensation took place when ethyl thioglycollate was reacted 
with N-o-tolyl-D-glucosylamine. 
-- = 
201 Troutman and Long found that 
~-alkYl Schiff's bases condense readily with ethyl thioglycollate 
to give the thiazolidine-one but where the ~-substituent is aryl, 
the condensation does not rerolly occur. The same authors point 
out that alkYl amines more readily form amides with esters than do 
aryl amines. They also found that benzylidene aniline failed to 
-5~-, 
condense with ethylthioglycollate and we have found only very 
low yeilds of thiazolidine-one even when using E-toluenesulphonie 
208 ,207 
acid as a catalyst. Both Surrey and Troutman suggest 
that the first step in the synthesis is nucleophilic attack by 
the sulphur. This attack should be enhanced by the addition of 
a Lewis acid which should polarise the C=N bond as shown below.(XX). 
, 
_B_F3, 
= N - R' ~ 
R BF 
\6+ T 
C = N - R 
I 
R 
(xx) 
The addition of boron trifluoride etherate to the Schiff's base 
and ethyl thioglycollate in benzene solution led to the 
separation of a yellow crystalline material which contained boron. 
On neutralisation of a solution of this boron complex in alcohol 
with a basic resin, the original Schiff's base and some benzaldehyde 
were recovered. The Schiff's base by itself forms an identical 
crystalline boron trifluoride complex. Therefore the reaction 
is not facilitated by addition of boron trifluoride. This may be 
merely a consequence of the removal of the Schiff's base as its 
boron trifluoride complex. The mechanism (XXI) suggested by 
Troutman and Long and an alternative mechanism (XXII) are shown 
below. 
H H$ 
'r:J R - C = N - R' k. 
Q 
S 
'CH2C0;t:t 
\ 
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'I' 
\ 
H 
I 
R - C - NHR' 
I '; '" /OEt 
S " ... C 
" /~';l cH2 0 
) 
R - CH = N - R' 
('J 4 Oft. 
Qs C / -) 
'" /,,~ -
CH2 0 
> 
(XXI ) 
R-CH-N- R' 
I J ,::J 
R - CH - N - R' I , 
S C .. 0 
\ / 
CH2 
R - CH - N -
/ \ 
S, C - OEt S /C 
'CH CH{\~ -) 2 
OQ 
(XXII) 
R' 
= 0 
Since protonation can take place both on the nitrogen and the 
oxygen of the ester group, either mechanism could show acid 
catalysis. Formation of the boron trifluoride complex would be 
expected to block mechanism (XXI) as the nitrogen lone pair 
would not be available to attack the ester group. Since the 
nitrogen lone pair is not involved in the concerted mechanism, 
boron trifluoride might possibly catalyse the reaction. Mechanism 
(XXI) best explains the available evidence. 
There is no report of any Schiff's bases of the type 
R - CH = N - R', where R is alkyl, undergoing this condensation. 
Furthermore. there. is doubt whether glucosylamines exist in the 
SChiff's base form, so an examination of a genuine sugar-Sch1ff's 
base was made. The condensation of li-anisylidene-tetra-Q-
acetyl-D-glucosam1ne (~'here R is aryl and there 1s no doubt that 
-
the sugar is a Schiff's base) with thioglycollic acid and ethyl 
th10glycollate, was attempted. Unreacted SChiff's base only, was 
recovered from these reactions. A possible explanation of the 
lack of reactivity 1s that the ~ugar imposes a large steric 
barrier to the reaction. 
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1. f) The Structure of Sugar Imidazolidines.·· . 
Scott159 considered the U. V. spectrum (A max 240 m}\.. and 
E max 20,000) of the product, from the condensation of glucosamine 
with phenyl isothiocyanate, to be inconsistent with the imidazole 
structure (XlCIII) first proposed by Nue berg and \'Iolff .160 He 
considered that the product's ionopheretic behaviour in borate 
solution indicated that the sugar was acyclic, thus ruling out 
the imidazoHdine structure (XXIV), Scott proposeci that thE! 
product was 3_pherlyl_4_hyciroxy_5_[D-arabinotetrahydroxybutyl]-
-
l,3-imidazolidine-2-thione (XXV). 
(XXIII) (XXV) 
Scott also prepared (XXV) by the route shown below and found it 
to have an identical U.V. spectrum and ionopheretic mobility 
with the glucosamine- phenylisothiocyanate product. 
CO H CO H 0 ~ OH Y'; 
, 2 + ~NCS -7 I 2 Hl ~. N NaBH4~· N( 
CHNH, 2 CHNH - CNH!6 ~ V)= s) mtI·~ s 
I 11 • 
(CHOH)4 (CHOH)4 S H (CHOH)4 
I I (~)4 I 
H H ~ H 
(XXV) 
~ 161 Fernandez-Bolanos and his co-workers also investigated the 
reaction and considered the product (which had an almost 
identical U.V. spectrum with Scott's product) to be 
-5~1-
I_phenyl_4,5_[D-glucov.rrano]-imidazolidine-2-thione(XXIV). 
-
The following evidence was presented for this structure. 
The product, after desulphurisation, absorbed only I-mole 
of periodate, indicating only two adjacent hydroxyl groups. 
Unfortunately, the expected dialdehyde(XXVI) could not be isolated. 
r-o' __ N..-A 
CHO / \ 
OHC/"-... NH ~ 
(XXVI) 
On mild acetylation, the imidazolidine gave a triacetate and 
under more forcing conditions gave a tetra-acetate for which 
the structures (XXVII) and (XXVIII) respectively were proposed. 
(XXVII) (XXVIII ) 
The I.R. spectrum of I-ll-~-tolYl-2-acetYlthio-(4,5:2I,II)-[3t,4I,6'­
tri-Q-acetyl-Q-glucopyrano]-imidazoline (XXVIII) shows a band at 
6 -1 -1 1 90cm which is ~. 50 cm lower than an Q-ester band and 
209 
agrees well with the value predicted by Baker and Harris 
for S-esters. 
Further evidence for the cyclic structure of sugar imidazolidines 
comes from the synthesis of the acyclic tautomers (XXIII) by Huber 
210 
and his co-workers, from N-arylamino-l-deoXY-D-fructoses and 
- . ~ 
ammonium, thiocyanate in the presence of acetic acid. The acyclic 
tautomers, after desulphurisation, absorb 3 moles of periodate, 
indicat.ing four adjacent hydroxyl groups, and the 4-formyl-
imidaz,line was isolated and characterised. These compounds 
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readily form a tetra-acetyl derivative which shows no 
~-ester absorption in the I.R. 
Using the mthod outlined by Scott, glucosamine was 
condensed with phenylisothiocyanate. The product was almost 
identical in U.V. spectrum ("- max 242 m,A, fmax 19,500) with 
Scott f s material ()... max 240 m)o'. , (: max 20,000); its melting 
point (206-209°C), and elemental analyses were close to those 
recorded for Bol~osf compound (208°C). The elemental analysis 
rules out the 4-hydroxy imidazolidine structure suggested by 
Scott. On acetylation with pyridine/acetic anhydride (3:1 mixture) 
the tri-Q-acetyl derivative was isolated. Using acetic anhydride/ 
perchloric acid as the acetylating agent, the ~-acetyl-tri-Q-
acetyl derivative was isolated. The tri-Q-acetyl derivatives of 
the imidazolidines (XXVII) (R=£-nitrophenyl, E-nitrc~~enyl and 
p-tolyl) and the corresponding S-acetyl-tri-O-acetyl derivatives 
-
(R=E-tolyl, E-methoxyphenyl and E-ethoxyphenyl) have been 
previously reported. The main bands in the I.R. spectra of the 
imidazolidine and its acety1ated derivatives are given in Table (ix). 
[D-Glucopyrano] Tri-Q-acetyl §.-acetyl-tri-Q- Assignment 
rmida7.o1idine(R=~) derivative acetyl derivative 
44 -1 -1 3 Ocm - 3200cm OH and NH 
3370cm -1 NH 
1720cm -1 1735cm -1 C=OOin 
If 
-O-C-CH __ 
;J 
6 -1 1 95cm C=Ooin 
-S-~-CH3 
1605cm -1 -1 1600cm-l 1600cm -1 and 1590cm 
-1 +l585cm-l + 1595cm C=C aromatic 
770cm -1 and 700cm -1 6 -1 6 -1 C-H subs 7 5cm_l 7 5cm_l mono +700cm +700cm aromatic 
785cm-i 785cm-J. 785cm-J. nran)se ring sym. 
~20cm-J. 915cm-J. 915cm-.L J;'yranos) ring 
I (assym. 
Table (Ix) 
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The assignment of the pyranose ring breathing vibrations is within 
211 the range given by Spedding but in the presence of an aromatic 
group, these are not unambiguous. The n.m.r. spectra of ~-phenyl 
[g-glucopyrano]-imidazolidine and its acetylated derivatives are 
shown on plates (Ill, IV and V). The n.m.r. spectrum of the 
imidazolidine in dimethyl sulphoxide (d6 ), shows three hydroxyl 
protons, two of which are secondary (they appear as doublets) and 
one primary (it appears as a triplet); a doublet at 4.0y(one 
proton); a singlet at 0.901' (one proton) and five aromatic 
protons centred at 2.5~ The remaining part of the spectrum 
which is too complex for first order analysis, contains six protons. 
On treatment with deuterium oxide, the peak at 0.90'( and the three 
hydroxyl peaks disappear and a waterpeak at 6.10 appears which 
integrates for four protons. 
The n.m.r. spectrum of the triacetyl derivative shows two 
O-Ac peaks, one integrating for six protons at 7 .9If·r and the 
other for three protons at 7.99'( ; two dOUblets at 4.04 --r and 
4.681'" respectively; each integrate for one proton and it is 
assumed that the lower field doublet (J = 7.5c/s) arises from 
the anomeric proton; a low field proton (2.24 l' ) which exchanges 
with deuterium oxide, is assigned to N-E (or possibly S-~) and 
with the exception of the aromatic protons, the remaining signals 
cannot be assigned. 
The n.m.r. spectrum shows a considerable change in the 
~-acetyl-tri-Q-acetyl derivative. The acetyl protons absorb at 
7.92"'( (six protons), 8,00 'I' (three protons) and 7.1O"Y (three 
protons). One of the ac~tyl groups obviously differs from the rest, 
and considfred together wtth the I.R. spectra, this is indisputable 
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evidence for an ~-acetyl group. The anomeric proton gives a signal 
at 4.05'r (JH H = 7.5c/s) and the signal from the C2 proton has 12 
moved downfield to 5.101' The C3 proton has also moved downfield 
to 4.25 l' and appears as a doublet (JH H =3c/s), while the C5 34 
·proton gives rise to an octet at 4.8 1'. The protons at C4 and 
C6 appear in the same region and are not readily analysable. On 
treatment with deuterium oxide, no exchange takes place. The 
n.m.r. evidence supports the [D-glucopyrano)imidazol1dine 
= 
structure (XXIV) proposed by Bol~os. 
The 1'i ve and six membered ring fusion may be ei ther diequatorial 
or equatorial-l!IXial, assuming the C-N (equatorial) bond in 
glucosamine is not broken. The di-equatorial fused system (XXIX) 
could result from an internal SN2 reaction on the ~ anomer. 
Models show that this ring system is very strained, as expected 
, 
(XXIX) 
212 for a trans fusion of five and six membered rings and the 
coupling constant between H2 and H3 would be expected to be of the 
order of 8c/s whereas the observed coupling is zero. The~, ~ 
fused system could arise from an internal SN2 reaction on the 
more stable i3 anomer as shown below: 
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The conformations which show least bond angle strain are the 
half chair, (xxx) the boat, and the skew boat forms. The boat 
and the skew boat forms both require that the coupling between 
H2 and H} should be of the order of 8c/s, and as the coupling 
constant is zero, these conformations can only make a very 
minor contribution. In both these conformations, the non-
bonded interactions are quite large. A model shows that in 
the half chair form, the dihedral angle subtended by H2 and H} 
o is approximately 90 and this would account for no coupling 
being observed between these protons. The dihedral angle 
between Hl(~) and H2(~)' which in the chair form is 600 , is 
o 
approximately 10 , thus accounting for the high observed coupling 
constant (JH H =7.5c/s.). Further, the Q-acetyl groups in 
1 2 
~-glucopyranose normally appear as one peak in the n.m.r, since 
they are all disposed equatorially. However, in the half 
chair form, the cft-acetyl group adopts a position which 
approaches axial and this accounts for the observed second 
Q-acetYI peak. Normally, the separation of axial and 
equatorial Q-acetyl groups ~n the pyranose sugars is around 
l4c/s and in this case the separation of the c30-acetyl group 
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from the C4 and C6 2,-acetyl groups is 8c/s. Barton and his 
co_workers213 noted that the axial and equatorial groups at 
C3 and C6 in the half chair form of cyclohexene are 
• 
differently disposed to normal axial and equatorial groups; 
they called these groups pseudoequatorial and pseudoaxial. 
It is considered that the n.m.r. spectra of the imidazolldine 
and its tri-acetyl derivative supports the thione structure. The 
radical change. ,in the n.m.r. spectrum on going from the tri-
acetyl to the tetra-acetyl derivative is most simply explained 
by a change in the ring structure from imidazolidine to 
imidazoline. In the imidazoline, the proton H3 will fall in 
the de shielding cone of the C=N, and H2 will experience a 
much stronger inductive effect, which accounts for the downfield 
shift of over 20c/s for both these protons. 
The imidazoline (XXXI) was prepared using the method 
210 described by Huber and his co-workers. The compound 
absorbs in the U.V. at A max 265 m~, ~ max 8,500 and 
readily forms a tetra-acetYL derivative. 
CH.NH-OCti 
I ~ 
C=O 
I + NH4NCS > (CHOH)4 
I 
H 
(XXXI) 
The n.m.r. spectrum in DMSO, of the hydroxy alkyl imidazoline 
(XXXI) yielded only a limited amount of information but it 
showed a singlet at 3.0~ (one proton) which would be expected 
-6Z-
for the proton in the 5 position in the imidazoline ring. 
The n.m.r. spectrum (Plate VI) of the tetra-O-acetyl derivative 
shows twelve O-acetyl protons around 7.9'( ; the methyl group 
attached to the aromatic ring at 7.60,; multiplets at 5.8'), 
(two protons) and 4.75'( (one proton) which are typical values 
for H6 ,H6" 
quartet at 
and H5, in 
4.45'( (one 
straight chain acetylated sugars; a 
proton) aSSigned to H4 , with JH H = 3' 4' 
a slightly broadened doublet at 3.951' and JH H =8.5c/s; 4' 5' 
(one proton) assigned to H3 " JH H =4c/s and slightly 3' 4' 
broadened by allylic coupling with H5; a slightly broadened 
4c/s 
singlet at 3.12, (one proton) is assigned to H5 ,; the aromatic 
protons at 2.651' and a broad singlet at -2.0'Y which 
disappears on shaking with D20. The n.m.r. is in agreement 
with the structure postulated by Huber and his co-workers and 
wi th the conformation shown in (XXXII). 
R. -
(XXXII) 
~: p'1 
" N n-- >_' 11 - '01 
-,., , 
H 
As Scott pointed out, the U.V. spectrum of the glucosamine-
phenylisothiocyanate condensation product, supports the 
imidazolidine structure and is in agreement with the values 
reported by Behringer and Me1er21~for the imidazolidine-2-
thione system. 
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If the model used by Fbster215 for ionopheresis in borate 
buffered solution is correct, then a g-arabino-tetrahydroxybutyl 
side chain would not greatly enhance the mobility of the imidazolidine. 
Foster's model is analogous to that used by Barker, Bourne and 
l''hiffen170, 171 for the formation of cyclic acetals. Thus the 
D-arabino-tetrahydroxy-butyl side chain offers only one favourable 
-
site for borate complexing; this is a ~' ring between C4 and C6 
'(XXXIII) and even this complex is not highly favourable. 
216 Blleseken used the conducti vi ty increment 6., (A=[the 
conductivity boric acid/polyol soln.-(the conductivity ·of the 
boric acid soln. + the conductivity of the polyol soln.)] x 106 ) 
as a measure of the complexing between the polyol and the boric 
acid. The conductivity increment for arabitol (~' ring complex) 
is only half that for xylitol (£'C ring complex) but, nevertheless, 
is three times higher than that for ~-g-glucose. In the 
a')ternative half chair form of the ring structure (XXXIV) the 
hydroxyl at C4 , is only about 2.6A
o from the NH in the 
imidazolidine ring. As the NH proton is quite acidic, the 
complexing shown below should be fairly strong. It seems 
possible that complexing of this type could explain the 
anomolously high ionopheretic rrobility Observed by Scott. 
-6'1-
(XXXIV) 
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CONFORMATIONAL ANALYSIS 
lla) Nuclear Magnetic Resonance. 
217 21S, 219, 220 l~any reports .. ' of n.m.r. studies of sugars 
have appeared in the .literature since the commencement of this 
work, but none of these deal with the conformer distribution in 
acyclic sugars. Some studies of conformer distribution in simple 
acyclic systems. have been reported. 221 Kingsbury and Best have 
studied the. conformational preferences in diastereoisomers of' 
the. substituted diphenylhalopropane system (I) by n.m.r. Using 
222 
a similar method, I'Ihitesides, Sevenair and Goetz have' 
determined the energy. difference between the trans and gauche 
conformers in the I-substituted3.3-dimethyl butanes(H). 
*" H· CH ; 3 
fd 
(I) 
9(CH3)3 14::4;" ..-11. ~ .. ,. , -
H , H 
, 
: 
x 
(H) 
As mentioned in.the introduction, KarpluslS4,lS5 
derived an equation (III) relating the observedcoupl1ng 
constant (JHH' ).to the dihedral 'angle . (fd)subtended by vicinal 
protons. On the .basis .. of. the values which Karplus suggested for 
JHH,=A + B cosfd + Ccos 2 fd (TH) 
A=4.22 C.= 0.45 
the -constants A, B, and C, the ·coupling constant for. protons 
wi thadihedral angle of .600 , is 4;5c/s, .. and wi.th a dihedral angle 
o 
of·.1SOis 9.5c/s. Karplus also indicated how the calCUlated 
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coupling constant could be corrected for the electronegativity 
of substituents.(rv) 
c u ( JHH , = JHH , I-0.07 A X) (rv) 
c u JHH , is the corrected average coupling constant, and JHH , is 
the uncorrected average value from the Karplus Equation for a 
molecule such as CH3CH2X. Applying this correction to 
protons in an acetylated sugar, the coupling constants 
the 
223 .. 
calculated on Pauling's eloctronegativity values, should be 
9.20/s (%=1800 ) and 4.20/s (%=600 ). Karplus also suggested 
some further corrections that could be applied, but these are 
relatively small and require a knowledge of the exact bond lengths 
and bond angles. This information is not available. The 
coupling constants from this form of the Karplus Equation (III) 
fit \~ith coupling constants observed in acyclic sugars. However, 
there is a large variation in calculated coupling constants, 
depending on the form of the Karplus Equation used. The original 
Karplus Equation (V) and a modified form of it, derived by 
224 Williamson and Johnson (VI) are shown below, together with 
the coupling constants they predict for gauche and trans protons. 
and 
J = 8.5 cos2%_0.28 
2 J = 9.5 cos %-0.28 
2 J = 10 cos % 
2 J = 16 cos % 
o°!Eo %!f900 
90o~ %51800 
0°< %$.900 
90°<%.501800 
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(V) 
(VI) 
Coupling Constants for Gauche and Trans Vicinal Protons I 
10 Eq (V) Eq (VI) 
10 = 180° 9 16 
10 = 60° 1.8 2.5 
I 
Table (i) 
The coupling constants recorded by Lemieux and his co_workers225 
in the acetylated pyranoses for diaxial protons (10 = 180°) were 
5-8c/s and equatorial-axial (10=60°) or diequatorial (10=60°) ~Iere 
2-3.5c/s. 226 Cohen. Sheppard and TUrner estimated that these 
coupling constants should be 9.40/5(10=180°) and 2.7 c/s (10=60°). 
It therefore seems reasonable to predict that, in the acetylated 
aldehydo sugars, a coupling constant around 9.5c/s indicates a 
trans arrangement of vicinal protons (VIIa), and a coupling 
constant of around 2.0c/s indicates a gauche arrangement. 
(VIlb and c) 
R R R 
>k" 1\ I H OA~R -*- It Ai ! H AeO H AcO • H 
R OAc H 
a b c 
(VII) 
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If the fractional populations of VIla, b and c are Pt' Pgl and 
Pg2 respectively, then, assuming that rate of rotation is much 
greater than the chemical shift differences betwecn the protons 
in the d:f.fferent oonformations, the observed coupling constant 
will be given by equation(VIII). 
J b = JtPt + J (p 1 + p 2) o s. g g g (VIII ) 
If Pt = p 1 = p 2 = 1/3, then equation (VIII) becomes g g 
J = obs. J t + 2J g 
and in the case of the acetylated sugars, using th$ predicted 
coupling constants for gauche and trans protons, the observed 
coupling constant should be 4.5c/s. 
If'the acetylated aldehydo sugars have highly favoured 
conformers, then coupling constants of the order of 2.0c/s and 
9.5 c/s should be observed; on the other hand,if thepopulation of 
all the available conformers is approximately equal, then 
coupling constants of 4.,c/s should be observed. 
If one takes a fully extended zig-zag chain as a model (A), 
the n.m.r. spectrum (Plate VII) oftetra-O-acetyl-D-xylonothioamide 
- -
(IX) can be predicted. 
HS' HS' ti3 OAc 
'\\ . -, , 
~ " ....ANH,. \I~" s 
Ol\c, ,\/)"" 
_ ... LJ . 
11.. 01\'; tll OAe 
(IX) - Model A. 
-69-
, . 
CH,OAe H,. H2 OA C; 
i I 
2 
/ 
b c./&ec./unit 
I i 
6 
PIQbe W. 
I ' g 
J I 
'1 
• 
Predicted and Observed Coupling Constants for (IX) 
Coupling Constant Dihedral Angle Predicted J Observed J 
Value Value 
. 
J 
H2H3 
~= 600 2.0c/s 3.00/s 
J 
H3H4 
~= 600 2.0c/s 7.0c/s 
J 
H4H5 
~ = 1800 9.5c/s 6.8c/s 
J 
H4H5' 
~ = 600 2.0c/s 3.8c/s 
Table (11) 
The observed JH H value is not compatible with the fully extended 
34 0 0 
chain conformer. Rotating C3-C4 through 60 and 120 gives 
conformers (IX)B and (IX)C respectively. 
(oc) C 
In conformer B (~H H = 180°) the expected coupling constant for 
3 4 
H)H4is 9.5c/s, in conformer C(~H H = 600 ) it is 2.0 c/s. 
3 if 
Conformer B must be the most highly populated to give the 
observed coupling constants. The fractional population of 
conformer B,Ps' can be calculated from equation (VIII). 
The stability of conformer B can be explained in terms of 
non-bonded interaotions. The values for these interactions 
(Table iii) are those quoted by Eliel, Allinger Angyal and 
Morrison.227 
Group Vicinalm~~uche k cal 0 e Interaotion ~,~~~c~R~~d Interaction 
RR,CH OAc H RR,CH OAc H 
RR,CH (0.35)* 0.35 0 3.7 2.2 0.9 
OAc 0.35 0.35 0 2.2 2.0 0.45 
H 0 0 0 0.9 0.45 0 
i I 
* This value has not been determined but is probably of the 
right order. 
Table (i11) 
The following assumptions are made in this analysis : 
a) In general, the attachment atom in a group dominates the 
group's steric interactions. 
b) The 1,3 diaxial interactions in cyclohe~ane and the 
1,3 eclipsed interactions in the zig-zag chain, are the same. 
c) Axial-equatorial interactions in the cyclitols and 1,2 
gauche interactions in the zig-zag chain are the same. 
d) The entropy changes are small. 
e) Interactions other than v1cinal gauche and 1,3 eclipsed, 
can be ignored. 
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The Newman projections for C3-C4 in conformers A,B and C 
are shown below 
y 9Ac ¥4 '*~i ";f- ~3 OA.c . OAc O~xr-"c~ . ! .. H4 bA;; C··' 'H 5 4 
C2 C2 C2 
A B C 
The vicinal interactions are 1.05 k cal /mole for A and C, and 
0.7 k cal /mole for B. Assuming these vicinal interactions 
control the conformer distribution, the population of each 
conformer can be calculated as shown below. There is a double 
probability of finding the chain in a gauche conformation (A and 
c) and this is allowed for by an entropy factor R In 2. 
600 = AHo - Te,.S 
o £l0 =-0.35 + 0.42 
~ 00 =+0.07 k cals/mole 
K = e - 6,OojRT 
o = Free Energy S = Entropy 
H = Enthalpy K = Equilibrium Constant 
This gives the population of the trans conformer (B) as 491 
and this should give a coupling constant of 5.8c/s. This is 
still considerably lower than the observed coupling constant. 
The 1,3 eclipsed interactions between C2 and C4 for 
conformers A, B and C are given in Table (iv) below. 
-7Z.-
Conformer 1,3 Interactions Total Energy From 
1,2 + 1,3 Interactions 
A H/H = 0 
3.05 k cal/mole 
OAc/OAc = 2.0 k cal' /mole 
B C/H = 0.9 k cal /mole 
2.05 k cal/mole 
o/H = 0.45 k cal /mole 
C C/OAn = 2.2 k cal /mole 
3.70 k cal/mole 
OAc/H = 0.45 k cal /mole 
, 
Table (iv) 
The ratio of the populations in each conformer can be calculated 
as before, since 
-M(A-B) 
K = e RT 
and NA + NB + NC = I where NA, NB and Ne are the mole fractions in 
conformers A, Band C respectively. Thus 
-1000 
RT 
therefore log N B = 1000 
NA 2.3 x 2x298 
therefore NB = 5.4 
NA 
Similarly NB = 16.5 
NC 
and 
-~-
= 0.73 
... 
, 
I 
I 
I 
I 
i , 
I 
= 
therefore NA + NC = 0.2 
and since NA = 3·1 NC 
I 
0.25 
NA = 0.15 and NC = 0.05 
The calculated coupling constant J is given by 
J = 9.5 x 0.8 + 2.0 x 0.2 = 8.0 c/s 
The calculated value compares with the observed value of 7 o/s. 
The calculation is based on the premise that no rotation takes 
place around the C2-C3 bond. 
of 3 c/s indicates that this 
In practice, the low JH H value 23 
is true in a qualitative sense, 
but a correction can be applied. Rotation through 600 and 1800 
around C2-C3 in (IX)A gives conformers (IX)D and (IX)E 
respectively. 
( IX)D 
Conformer D involves a 1,3 eclipsed interaction betwe8n the 
C4 acetyl group and the C2 thioamide group. Considering the 
sizes of these groups, the interaction should be large and 
this conformer will have negligible population. Conformer E 
requires J H H = 9.5c/s whereas conformers A,B and C require 23 
-74r 
• 
JH~3= 2.0c/s and so the population of E can be calculated. 
Jobs .= PEx 9.S + 2.0 (PA+ PB + Pc ) 
Correcting the calculated coupling constant, we have 
J 1 = 0.87 x 8.0 + 0.13 x 2.0 
ca c. 
J = 7.2c/s 
calc. 
This value is in good agreement with the observed coupling constant 
of 7.0c/s. If the total interactions for conformers Band E 
are calculated, the size of the 1,3 interaction between the 
thioamide group and hydrogen is found to be 2.2 k cal /mole. 
(In this calculation, interactions involving Cs in both the conformations, 
and the 1,2 gauche interactions between the thioamide group and the 
sugar chain, and between the thioamide group and oxygen, were 
considered to be equal.) 
The conformer distribution calculated from the coupling 
constants and from non-bonded interactions are based on physical 
constants determined in different systems and must be subject to 
fairly large errors. However, this close agreement indicates that 
the calculated distribution is of the right order. 
Since the 1,3 eclipsed interactions are large compared to 
vicinal gauche interactions, the former will have the major role 
in controlling the conformer distribution. Gauche interactions 
down the chain, excluding the terminal position, can have only 
two values; 0.7 or 1.OS k cal/mole, whilst the 1,3 interactions 
between two positions can vary from 0.9 to S.7 k cal/mole. 
The suggestion that 1,3 interactions control the conformer 
-7~-
distribution can be readily tested. Thus in tetra-O-acetyl-L-
- = 
arabonothioamide (X) where there are no major 1,3 interactions 
in the fully extended chain, the coupling constants should be 
those predicted from the model and are shown in Table Iv) 
Tetra-Q-acetYl-~-arabcnothioamide 
(X) 
Tetra-Q-acetyl-!;arabonothioamide (Plate VIII) 
-
Coupling constant Predicted J value Observed J value 
J 
H2H3 
2.0c/s 2.4c/s 
J 
H3H4 
9.5c/s 8.8c/s 
J 
H4H5 
9.5c/s 6.0,c/s 
I~H4H , 2.0c/s 3.0c/s 
-5 Table (v) -. 
The couplings J~13 and J
H3H4 
are almost as preccicted. The 
conformational distribution for the terminal group is different 
from that along the chain and this is reflected in the coupling 
constants. The possible staggered conformers (XI) and their 
relative populations, calculated from non-bonded interactions, 
-7;" 
Ms- H,' M3 OAC 
, " 5 I )l 
./ NH,z, 
) 1 I I J I I i I I , 
2 Lt 
I I i , , 
5 
Plate VlTT 
I r t f ! r r r ,I 'f , F F t I i I t I i r 
(, 7 g 
are shown in Table (vi) below. 
C 
'-
c I1;Ax% 0* ~).( .' . o ,H o . 
. a . a o : a 
0 f\, f\" 
A B C 
(XI) 
Configuration Conformer 1,2 1,3 Total Conformer 
Inter- Inter- Inter- Distrib-
actions actions actions ution 
k cal/mole k cal/mole k cal/mole 
A~ORr: (XI)A 0.35 0.45 0.8 75% (XI)B 1.6 19% Ac OAc 0.70 0.90 
CH20Ae (XI)e 0.35 2.0 2.35 6% CtllOAe 
r~ AeO - _ (XI)A 0.35 0.45 0.8 67% 
(XI)B 1~ Ctt.t0Ac 0.70 2.0 2.70 
Ai (XI)e 0.35 0.90 1.25 32% 
-OAe 
, 
OR 
, -CH20Ac I 
Table (vi) 
In the first case, where the OAe groups are on the same side of the 
chain in the Fischer projection, the conformer distribution 
indicates that the coupling constants should be JH K = 7.6o/s, a-c, 
JHaf\,= 2.5c/s; where the OAe groups are on opposite sides, the 
predicted coupling constants are JH H 7 0 / J 1< 3 / a-c, = • c s, Haf\,= '. c s. 
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The corrected values for JH H and JH H are in fair 4 S' 4 S 
agreement with the observed coupling constants. The protons 
H4HSHS' are treated as an isolated AEOC system for purposes of 
analysis, the coupling between H4(X) and H3 being treated as 
simple first order coupling. The calculated coupling constants 
are, in practice, quite close to the values obtained by direct 
reading from the spectrum. The chemical shift difference between 
~~ is usually very small, and in several cases the analysis 
• 
proved impossible because intensity data and line positions could 
not be measured. TYpical analyses are shown in Appendix (I). 
In tetra-O_acetyl_D-xylonothioamide, it was postulated that 
- = 
the size of the thioamide group prevented rotation around 
C2-C3 • It would follow that, if this group is replaced by a 
smaller group, conformer (XIIA) should become the most populated. 
HS "'s' 1'1.1 Olli H3 01\" 
, 
R 
, , 
, \ 
, , 
CA':: lilt QAt R I'll c .. p~nl .. H~ 
(1\) (B) 
(XII) 
The corresponding nitrile (XII, R = C?aN) meets this requirement 
but the n.m.r. spectrum proved impossible to analyse by first 
order methods. If one considers the 4-phenyl-thiazole derivative 
,NJf~ (XII, R = c.. ), the inclusion of the nitrogen and sulphur 
'3 
of the thioamide grouP. in a five membered ring, reduces the 
group's effective size considerably. Analysis of the spectrum 
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was possible in this case. The predicted and observed 
coupling constants are shown in Table (vii). 
2-[D-xylo-totra-0-acetylbutyl)-4-phenyl-1,3-thiazole (Plate IX) 
=-- -
Coupling Constant Predicted J Value Observed J value 
JH2~ 9.5c/s 6.8c/s 
J~H4 2.0c/s 4.0c/s 
J 
H4H5' 
7.0c/s 6.5c/s 
J 
H4H5 
4.3c/s 5.1c/s 
Table (vii) 
The value of JH H indicates that the population of conformer 23 
(XIIA) is 6~. The value of JH~4 indicates that the population 
of conformer (XIIB) is 24%. All other conformations are relatively 
unfavourable and (XIIA) and (XIIB) would be expected to account 
for almost 100% of the compound, and the value of 9CY,j 
calculated from the n.m.r. spectrum is of the right order. 
Tabulated below are the coupling constants predicted from 
the major conformer, and the observed coupling constants for a 
number of acyclic sugar derivatives. 
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Pta te IX 
I , I , I I , I I I I I I I I , 
2 3 4- s ;, 
6 c/sec/un;t 
Table (viii) 
• i Sugar-Major Conformer Predicted Coupling Predicted J for Observed J 
from Steric Interaction Constant Major Conformer Value 
-
Tetra-O-acetyl-L-arabono- JH2l) 2.0c/s 3.00/s - = 
~" J 9.5o/s, 7.80/s / ~ R R=CN H}H4 
OAt "". tJ( J 2.5c/5 3.6c/s 
OAC. H' H 'OAe H4H5 , 
JH H' 7.60/5 4.8c/5 4 5 
J 
H2H3 
2.00/s 2.40/5 
JH:f4 9.50/5 
8.80/s 
R=CSNH 2 J. 2.50/5 3{J c/s 
H4H5 
J 7.60/5 6.0C/5 
H4H51 I 
.. 
J 
H2H3 
2.00/5 3.00/s 
J 9.50/5 8.60/5 IIN£r H3H4 R = -C 
's I (Plate X) J 2.50/5 3.2c/5 
H4H5 
J H4H~ 7.60/5 5.00/s 
J 2.00/5 4.00/5 
9 H2
H3 
J 9.5O/S 8.0C/5 
H)H4 
R = _ cri J. 2.50/5 ).00/5 H4H5 
'N=, 
SH J 7.60/s 5.00/6 
H4Hs' 
- -
Table (viii) oontinued 
Sugar-Major Conformer Predioted Coupling Predioted J for Observed J 
from Sterio Interaotion Constant Major Conformer Value 
----.-----------+'-----+-----.--.--I-----'~ .. I 
TJtra-Q-aoetyl-Q-xylonothioamideJH H 
-- 2 3 
2.00/s 3.00/s 
9.5o/s 70/s 
H Olli 
u ' .s OA~. " "H '-N ~ . , . \ 
-' \ 
40/s 3.80/s 
C.H,t oM 11 H OAt: 60/s 6.80/s 
~----+-----------~-------
2- fD-xylo-tetra-0-
aoe"tylbutyl]-4-aryl-
1,3-thiazole 
~H ;:' ~i ,9A€ R=~] I ,/' Ol\i: 0 01'1" .. ¥ • \ Br 
-' \ ~ \ 
H ON. R. El 
9.50/s 6.80/s 
2.50/s 4.00/s 
4.30/s 5.10/s 
7.00/5 6.50/5 
9.50/5 6.80/5 
2.00/5 4.00/5 
4.30/s 5.10/5 
7.00/5 6.50/5 
i ! '--------___L.... __ .. l-, _____ .L-, ____ .I 
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Table (viii) continued 
~ugar-r1ajOr Conformer Predicted Coupling Predicted J for Observed J 
~rom Steric Interaction Constant Major Conformer Value 
Penta-Q-acetyl-~-gluco 
P~AC~O 
P"TOAO OIrtf" ~ 
H H 
(i) (11) 
P4-C5 C4-C5 
OAc 
C~OAO 
H'T"C 
H 
(111 ) 
C4-C5 
2.00/5 
9.5c/s 
4.6c/s 
2.5c/s 
7.6c/8 
2.0c/s 
9.5c/s 
4.6c/s 
2.5c/s 
1·6c/s 
).6c/s 
5.8c/s 
5.6c/s 
4.20/s 
6.0c/s 
4.3c/s 
4.20/s 
5.·8c/5 
I 
I -----~-------+-------~ 
9.5c/s 
2.0c/s 
9.5c/$ 
1.60/s 
1.2c/s 
;3.6c/s 
7~Oc/s 
).50/s 
6.0c/s. 
I 
I 
I 
I 
I 
I 
Table (viii) continued 
" 
Sugar-Major Conformer Predioted Coupling Predioted J for Observed J 
from Steric Interaction Constant Major Conformer Value 
J 9.50/5 7.2c/s 
d H2
H3 
J
Hf4 
2.00/5 3.60/5 Nl R=?" 
..... S J 9.50/5 7.20/5 
H4H5 
J 
H5H6 
2.50/5 3.5c/5 
J 
H5H6 1 
7.60/5 6.00/5 
J 9.5O/S 7.0C/5 
,=<j!IXIJ H2H3 J 2.00/5 3.60/5 H3H4 I 
, 7.20/s J 19.50/5 
H4H5 I 
J (50/5 13•50/ 5 H5H6 
I 
J 
H5H6' 
7.6c/s 6.0C/5 
Penta-Q-aoetYl-~-galaotono- J 
H2H3 [2.00/5 
2.00/5 
~s I 9.40/5 
Oil? '" H ~I\C R=C (' J~H4 19•5c/ 5 '~~Y' NH, I J 2.00/5 -?( , /, H4H5 
-"\ '. -.i '~ 
H NOM. .., H OAt: J 4.30/5 5.10/5 
H5H6 
J 
.7.00/5 6.80/s H5H6' I I • 
" ... -, 
Table (viii) continued 
..... ~ .. .,... 
I 
Sugar-Major Conformer Predicted Coupling Predicted J for Observed J t 
from Sterio Interaotion Constant Major Conformer Value I 
-' 
_0-' , 
Penta-Q-aoetyl-Q-galaotono J 
H2H3 
2.00/s ·2.30/s 
I 
I 
c/Sil 
J 9.50/s 9.40/s R::: H3H4 ~N-1.l 
J 2.00/s 2.00/s 0 H4H5 
J 
H5H6 
4.30/s 5.00/s 
JH H , 7.00/s 7.00/s 5 6 
I=ft' J 2.00/s 2.20/s H2H3 
<) J 9.5O/s 9.40/s R{_ H3H4 
J 2.00/s 2.00/s 
Plate (XII) H4
H5 
J 
H5H6 
4.30/s 5.00/s 
J 
H5H6' 
7.00/s 7.00/s 
N-aoetyl-tetra-O-aoetyl-D-
gluoosaminothioamide. = 
J 
H2H3 
2.00/s 5o/s 
H 01\': J 9.5O/s 4.00/s 
0', () <' H3
H4 
I JH H '2J/ (""<: ... N ~I.l. 4.60/s 7.00/s 
I \ J\ 45 , 1 \ (CHOM) fi H NI1/\r 
I I " J 2.5O/s 3.60/s H H5H6 
J 
H5H6 1 
7.60/s 6.5O/S 
. 
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Table (viii) continued 
r---" . . 
--
Sugar-Major Conformer PredictedlcoUPling Predicted J for Observed 
from Steric Interaction Constant Major Conformer Value 
J 
.-. 
Tetra-Q-acetYl-~-ribononitrile J
H2IS 
2.0c/s 2.0c/s 
11 H 2"';; H 
~OA' J 9.5c/s -H3H4 0,,·-c \ , J 2.5c/s 
-
, , 
H4H5 '- -/'I 9?C c.:: N 11 
J 7.6c/s -
H4H5' 
I 
In the following tables (ix) and (x), are collected the n.m.r. 
spectral parameters, for two acyclic sugar derivatives, at 
o 0 0 temperatures from -60 C to + 150 C. At -60 C, the coupling 
constants approach 2.0c/s and 9.5c/s. o At + 150 C, when all the 
conformers tend to be equally populated, the coupling constants 
approach 4.5c/s. This spectral data supports the assumed values 
for the coupling constants between vicinal protons with a gauche 
and trans arrangement. 
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I I , 
.3 
1- [L- cn'abll"\O --bet ra- 0- acet~ \but~\ 1-1+-- P- bromopherl~l-
1,3-thiazole 
I I I 
It- S 
10 c/sec jI.4Yl;t 
, I 
b 
, 
, 
, , 
R 
OAc. HJr th OAc 
Plate X 
, 
\ 
7 
r 
2. 
2-[Q-giuco-pe(ltQ- Q- acet~lpe(1t~l]- 4-- E- b(Qtl1ophen~l- 1,3- thic.zole. 
3 
HI 
2. 
H' 3 
j 
',11 i I 
I . 
I i. 
i,l . 
:1 I 
Ii 
l~ 
I 
Hs 
.10 c/sec/unit 
H' H" 6 6 
I 
7 
lid .t I1 i~ I, 
'I 'I 1 
:! 'I 
" / i I1 
1 I1 
I r 
' I 
I 
i 
" 
'~<~ (0"-" 
H 
Plate XII 
r 
1 
1/ 1 , 
;i 11 ! 
". I ' 
'11 ; , ~ ! 
"i\ " 
" I' : 
,! I 
'/ ' ~ ! I 1'1 11 J : il /', ji
r 
~ 11\ ; "!I,, 
,.,,,,,./1" ["",'vi\...'" 
H-
" 
, l I! I I ) 1 
9 
b c lsec'; u(lit 
2-[g-gluoo-penta-0-aoety1penty1 1-4-E-bromopheny1-1,3-thiazole 
I 'lEMPERATURE (d1) (d6) • CHLOROFORM DMSO 
_60°c _10°C +30oC +30oC +150oC 
J 
H2H3 
7.40/5 7.20/s 7.00/s 1 6.40/5 6.20/s 
H2 3.731 3.73, 3.741' 3.78, 3.80 i 
J 3.00/5 3.40/s 3.50/s 3.80/5 4.00/s H)H4 
• 
H3 4.10i 4.101' 4.11 ')' 4.24'1" 4.28'1' 
J 8.00/s 7.50/5 7.00/5 6.50/5 6.00/s 
H4H5 I 
H4 4.61 'l' i 4.56,' 4.54,' • 4.64 " 4.64''1' I 
J 
- I 3.5O/s 3.7o/s 3.5O/s 4.00/s H5H6 \ 
J 
- I 5.50/5 5.50/s 5.80/s 5.5O/s H5H6' 
OAo 8.97 "r 8.00 7' 8.04 l' 8.07 '( 8.10 "Y 
I 
7.897(2) I 7 .937' (2) 7.96'r (2) 8.00')' (2) 8.05 'Y 
7.82 'r 7.841'(2) 7.91 l' ! 7.94 ., 8.03 '( 
7.79'1' I 7.881' I 7.901" 8.01 .,-I 7.941' i i • 
Table (ix) 
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2-[~-arablno-tetra-Q-aoetYlbutYl1-4-£-bromophenyl-1,3-thiazole. 
TEMPERATURE 
CHLOROFORM (d1 ) DMSO (d6) 
_60°C _lo°C + 30°C + 30°C +150oC 
J 
H2H3 2.10/5 3.00/5 3.3O/S 3.30/5 !~.5C/5 
H2 3Sl' 3.571' 3.58T' 3.67 ,y 3.69 "( 
J 
H3H4 
9.5o/s 8.90/5 8.40/5 8.00/5 6.50/5 
H3 4.15 ')' 4.161" 4.191' 4.34 'Y 4.36 l' 
J 
H4H5 - 3c/s 
3.00/5 3.5O/S 4.00/5 
J 
H4H5' -
50/5 5.0C/5 5.50/s 5.50/s 
OAc 7.967 8.00 r 8.01 "Y 8.01 Y 8.021 m 
7.88 ')' 7.921' 7.95 .., 7.99 'y 
7.82 "I' 7.88 'l' 7.911' 7.95, 
7.74-" 7.78'1' 7 .811' 7.82 r 7.88 '1' 
I , 
Table (x) 
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II.b) Optical Rotation 
It should be possible to relate the conformational 
distribution of acetylated sugars to their molecular rotations. 
190 191 The methods of Whiffen and Brewster for predicting molecular 
rotations, differ considerably. ~lhiffen, for instance, defined a 
parameter % - 20/H + H/H as F, having a value of + 450 ; using the 
1. 1. 
formula 6 M = 160 RA4RAI
2
,F should have a molecular contribution 
of +11. In the sugar series, better agreement with observed 
rotations is obtained by using lfu.iffen' s values than by USi11g .... 
Brewster's more general method. Since only polyhydroxy compounds 
are to be considered here, Whiffen's approach is used. Calculation 
of the predicted molecular rotation for acetylated sugars will 
only be simple if the OAa group shows no conformational preference; 
that is, if the populations of conformers a, band c are equal (XIII). 
1,'lhiffen assumed that there was no conformational preference for the 
Aa 
c-
" 
c. c. (:. ''Cb' .C . , . \Z »-, Aa Aa H H H 
a b c 
(XIII ) 
hydroxy group, which therefore makes no. contribution to the 
observed rotation, and the agreement between observed and 
calculated values justifies this assumption. It might be expected 
that the rotation of propionyl and acetyl esters would be the same 
if the ester group makes no contribution to the molecular rotation. 
Table (xi) shows those molecular rotations of the propionyl and 
acetyl esters of the aldonic acid nitriles that are recorded in the 
literature. 
-00-
· 
Sugar [M] (CHCI )Fully [M1D(CHC1~)FullY Ace~Ylated Derivative Propionat d 
Derivative 
D-Galactononitrile 167.5 167.7 
-
-
D-Glucononitrile 186 183.3 
-
L-Rhamnononitrile 
-15.5 -27.4 
= 
D-Mannononitrile -6.9 +25.6 
= 
, 
Table (xi) 
With the exception of mannononitrile, agreement is reasonably 
good, and since penta-Q-propionyl-g-mannononitr~le has been 
isolated only as a syrup, the recorded rotation could be in error. 
lihiffen based his parameters upon rotation values for the 
polyhydroxy compounds determined in aqueous solution, and these 
values are unSuitable for acetylated compounds where the rotation 
is determined in chloroform. New values for these parameters have 
to be calculated. The supposition, that the acetyl group does not 
contribute to the molecular rotation, is tested by predicting the 
rotations of some acetylated compounds of known conformation, and 
comparing these values with the observed rotational values~ It 
is unlikely that self-consistent values for these parameters can 
be determined if the acetyl group makes a major contribution to 
the observed rotation. 
Acetylated-polyhydroxy-cyclohexanes can all be desoribed 
by one rotation parameter, F.(O/O - 20/H + H/H). 228 MacCasland 
has determined the conformer distribution for the quercitols and 
the following calculations assume these distributions. A 
typical calculation is shown below. 
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124/35 Quercitol (XIV) 
MO~OAC ! OAt 
AeO 
AcO, .• 
Oi~c. 
Alternative chair form 
(XIV) 
Penta-0-acetyl-124/35-quercitol exists in the alternative chair 
form (~. 100%). Newman projections and vicinal interactions for 
each C-C bond are shown below. 
I(Cl -C2 ) 2(C1-C3 ) 
1) O/C - 0/0 
2) 
3) 
4) 
5) 
6) -O/C 
Total 
- 0/0 
+ 0/0 
- 0/0 
-20/0 
- C/C 
+ C/C 
- C/C 
+ C/C 
-' C/C 
+ C/C 
+ C/H 
-2C/H 
+ 2C/H 
- 2c/H 
o 
, H H.;xk-c , -. . 
o ' c , 
.. ~' . 
.. ' .- ...... 
H· • • 
H 
- H/H +o/H 
+ 20/H 
- 20/H 
+ 20/H 
I c.. 
H 
+ 2C/H - H/H 
-c/H + o/H 
-2H/H +40/H = - 2F 
The predicted rotation is _900 (using Whiffen's value for F). 
o Table (xii) shows the observed and calculated values (using F = 45 ) 
of the molecular rotations for some acetylated polyhydroxy-cyclo-
hexanes. 
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I Polyol I I Conformation Rotation Calcul- Obs228 
! N- A- Parameter ated ved chair chair [M~ [M] CH . CHC£, 
Penta-Q-acetyl-125/34-quercitol 20 80 -1.8F -81 -90 
i I Penta-Q-acetyl-124/35-querc1 tol 
-
100 i-2F -90 -82 
I Penta-Q-acetyl-123/45-quercitol 20 80 1.4F 63 105 
i I ! Monoacetyl cyclohexane-l/2-diol:100 - F 45 38 i I 
Table (xii) 
The agreement between observed and calculated values is good, with 
the exception of penta-Q-acetyl-123/45-querc1tol, and the error here 
is unlikely to be related to the acetyl groups as the error for the 
parent hydroxy compound is of the same order (370 ). 
The calculation of the molecular rotation of the acetylated 
pyranoses is more complicated, and the following parameters are 
required: 
0/0 - 20/H + % = F 
0/0 - 0g'H - O/H + H/H = G 
O/C - C/H - o/H + H/H = H 
0r/0 - Gr/O - 0r/'H + Cr/H = I 
YOg + Qr/H - Cr/Og - H/H = J 
Og = glycosidic oxygen 
o = ring oxygen 
r 
C = ring carbon 
r 
2r = ring carbon attached to ring oxygen; i.e. Cl and C5• 
Although it has been assumed that the potential minima around the 
a-Aa bond are the same, this assumption is not valid for the 
anomeric position. Whi.ffen solved the analogous problem for the 
, 
. 
methyl gl}cosides by noting the difference between the ~-hydroxy 
and the ~-~-methyl pyranoses, and an identical procedure is 
used here. Hudson229 noted that the configuration of the second 
carbon atom had a pronounced effect on anomeric contribution to 
the molecular rotation. In Table (xiii) are listed the molecular 
rotations of some partially acetylated sugars with a free 
anomeric position, and the corresponding fully acetylated 
derivative. 
2,3,4,6-tetra-Q-acetyl Anomeric Molecular Rotation 
Pyranose Substituent (CHCl3 ) 
a-D-glucopyranose 
- = 
OH 493 
a-D-glucopyranose OAc 395 
--
~-D-glucopyranose OH 8 
- = 
~-D-glucooyranose OAc 15 
-- . 
a-D-galactopyranose OH 501 
.- = 
~_g-galactopyranose OA;; 416 
p-D-galactopyranose OH 108 
-= 
~-D-galactopyranose 
-= 
OAc 98 
£f-!;-manno pyrano se OH 92 
a-D-mannopyranose OAc 214 
- = 
p-D-mannopyranose OH 
-47 
- = 
~-D-mannopyranose OAc 
-99 
-= I 
Table (xiii) 
Table (xiii) indicates that a correction for an a - anomeric OAc 
- 0 group where the C20Ac is equatorial, is ~-95 (glucose and 
o galactose) and + 120 when the C2 group is axial (mannose). 
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The correction for a ~ (C2 equatorial OAa) anomeric group is 
o 
relatively small and is taken as 0 ; the correction for a 
f(C2 axial OAa) is -52o(mannose). Only pyranoses, which can 
be expected to be almost exclusively in either the normal (N) 
or alternate(A) chair form, are considered. Only arabinose, of 
the pyranoses considered, exists in the A chair conformation • 
. 230 
Stanek noted that arabinose, which has the L configuration 
at C2, had an anomeric contribution (Hudson's 2A value) which 
was typical of a sugar with a E-configuration at C2 • In 
~-£-arabinose (XVa), the relationship between the anomeric 
OAc and the C20Aa is similar to, but the mirror image of, that 
of ,£-£-glucose 
of ex-D-mannose 
(XVb,£-configuration at C2 ) rather than 
(XVc, ~ configuration at C2 ). 
C B 0 
,r 
H ; ... Or H . 0 0*0, ~¥. . .1/ r-0'·" '··,H xr· O' C H-- ··Cr r 
H 09 °9 
C -C -~-D-1 2 = C -C -ex-D-1 2 - = C -C -ex-D-1 2 - = 
arabinose glucose mannose 
(a) (b) (c) 
(xv) 
that 
The same anomeric correction is therefore used for ~_~-arabinose 
and ,£-Q-glucose, only the sign being changed. 
For the hexoses, a correction f~ the C5-C6 bond must also 
be made. o Wbiffen used a correction factor of +30 for the 
D-scries and this value is used here. The values of Phi ffen , s 
= 
parameters which give the best fit for the sugars considered, 
are given in Table (xiv). 
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Parameter 
F = 010 - 2 o/H + H/H 
G = °1° - ° /H - 0/H + H/H 
H = o/c - c/H - o/H + H/H 
I = 0rl0 - Crl0 - O~ + C,./H 
J = C 10 + a/H - C 10 - H/H 
-r' g - r' g 
+ CrlH + °/H 
Table (xiv) 
A typical calculation is shown below. 
a-D-Galactose 
Rotation Value 
+ 45 
+ 110 
+ 105 
+ 180 
+ 220 
Free hemiacetal OH[M]D=501 
Newman projections along vicinal carbon-carbon bonds. 
H 0 0 
0,. k,Pr O)(i er C" f ,.Or 
'r,r::' . .,..-h, ~ ,." ~
O • c' '- ;. 
. -r tI . C Ii I er 
~ H -r ~ 
~: . " l. 
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r Cr c. , -'c 
-r-
H 
,e,. 
~-
I C 
. - ... 
0<] 
C5-Or (5) °r-Cl(6) 
(2) 
(3) 
(4) 
(5) 
(6) 
-20/H 
+H/H-O/H 
+H/C +C IH-a IC +0/0 
r-r'· -r' I' 
+H/C 
I' 
-15 IH+C IC 
-r'. -r' I' 
-c/e 
- r 
+C/H-C/O+O/O 
I' 
0~0-0~Cr+H/H-40/H-°rIH+2H/Cr-2rlH+20/0-C/O+C/H-C/0+2rl0g+0/0 
-g-O~O+O~H -H/H+ O/H 
-0~Cr+0~H-30/H-0/H+2H/Cr-2rlH+20/0-C/O+C/H-C/0+~Og+0/0 
-J+O~Cr-O~H+H/H -H/Cr+£/H -£/Og 
+H/H-30/H-0/H+H/Cr+20/0-C/O+C/H-C/0+0/0 
-2F-2H/H+40/H -20/0 
-I 
-H/H+O/H 
+H +H/H-O/H 
+C/H-C/O 
-C/H+C/O 
o 
a-D-galactose = 30+G+J+2F+1-H+a=525. 
-= -
The table (xv) below shows predicted and observed rotation for 
several pyranoses. 
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I 
Sugar Anomeric Rotational Predicted Observed 
Substituent Parameter [M)D [M)D 
2,3,4,6-tetra-Q-
acetyl-
a-D-glucose 
-= 
OH 30+G+J+H 465 495 
a-D-glucose OAc 30+G+J+H 370 395 
- = 
!3-D-glucose OH 30+H-G 25 8 
-= 
!3-D-glucose OAc 30+H-G+!3 25 15 
- = I a-D-ga1actose OH 30+G+J+2FtI-H 525 501 
- = I 
~-g-galactose OAc 30+G+J+2FtI 
-H+a 430 416 
!3_D-galactose OH 30+2F+I-G-H 85 108 
- = 
i3_D-galaetose 
-= 
OAc 30+2F+I-G-H+i3 85 95 
a-D-mannose OH 30+J+H-2F-I 85 92 
a-D-mannose OAc 30+J+H-2F-I +cx' 205 214 
- = 
!3-D-mannosc OAc 3O+G+H-2F-I+i3 ' -77 -94 
- = 
i3-D-allopyranose OAc 3O+H-G+i3 25 -57 
- = 
2,3,4-tri-Q-acety -
i3-D-xy1ose OH -G -110 -52 
- = 
i3-D-xylose 
. 
OAc -G+i3 -110 -79 
- = 
a_D-xy1ose OH G+J 330 182 
- == 
a_D-xy1ose OAc G+J+a 235 284 
- = 
a-D-arabinose OAc -2F+G-I-i3 -160' -140 
- = 
i £-Q-arabinose OAc -2F-G-I-J-cx -505 -468 
I -
OAc -169 i3-D-ribose -G+i3 -110 
-= 
Table (xv) 
In general there is a fair measure of agreement between predicted 
and observed values. i3-D-Allopyranose and i3-D-ribopyranose both 
-= -= 
have an axial OAo group in'the C) positicn and this will have an 
effect cn the ancmeric ccntributicn. Using the mean deviaticn 
between .cbserved and c~lculated values (-70) fcr these sugars, 
and ccrrecting the calculated values we get _450. (cbserved _570.) 
fcr ~-g-allCpyrancse and _1800. (cbserved _1690.) fcr 
~-D-ribopyrancse. 
-'" 
There seems to. be ne ebvieus explanatien why the values fer 
IX and ~_D-xylepyranese, w1 th the free hemiacetal hydroxyl group, 
- _ ... 
sheuld be se much in error. The value ef the molecular retaticn 
231 
used fcr ~-Q-xylepyrancse is that qucted by Hudscn and Dale. 
Anita232 examined this material and feund it to. be a mixture ef 
the a and ~ ferma. Nevertheless, the value Anita quctes fer 
- -
pure a-D-xylepyranese (1270.) is lewer than the value qucted by 
-= 
Hudsen and Dale. The literature values are therefere suspect. 
The agreement between the cbserved and predicted values indicates 
that the OAo groups make little er ne centributicn to. the ebserved 
rotaticn. 
The ccnfermatien ef straight chain sugars can be predicted 
from the ncn-bonded interactiens, and their mclecular rotaticns 
calculated in an analcgcus manner to., that cf the pyranose 5 • 
Unfcrtunately, only two. straight chain acetylated sugars 
(arabitol and mannitel) are cempletely described by the 
parameters, derived by Whiffen. Brewster's methed, using atemic 
retract:lens" can be applied arid a typical example is shewn below. 
Brewster· shewed: that, the, retatien centributien C~MJ ef two. 
vicinal, (XVI) gl;'Oups; with, a gauche relaticnship" is given by, 
A 
'. l_.A~ 
~ 
• 
(XVI) 
of A and B respectively. (If A or B is unsaturated, then the 
refraction of the unsaturated group is used). In Table (xvi) 
below, the products of the atomic refractions (due to Voge1233 ) 
of various atoms, are summarised. 
Atom/Group Atomic Refraction Atom/Group Atomic Refractio 
1 1 1. 1 R2 ~2 A B R 2 ~2 A B .. A A 
Carbon carbo1 2.59 Nitrile Oxygen 2.88 
Hydrogen Hydrogen 1.03 Nitrile Hydrogen 2.36 
, I 
Oxygen oxyge1 1.52 Carbon Hydrogen 1.63 
Nitrile Nitrile 5.46 Carbon Oxygen 1.98 
, 
1.24 Nitrile Carbon 3·77 Hydrogen Oxygen 
, I 
Table (xvi) 
ConSider as an example, penta_Q_acetYl_g-arabitol:-(XVII) 
CH20Ac OA~ H H oAt: 
AcO- OX' '\\,/ 
\ ; , . 
_' \. .L./ \ .~ \, 
H H 11 OAt t1 H 
OAC: 
(XVII ) 
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C1 - C2 
OAc 
HA-OAC 
H : H 
. 
C 
(a) 
;koAe 
AqO: Ii , 
C 
(b) 
0/O+H/C+H/H-20/H-C/H 
O/0-20/H+H/H 
1 1 1 1 1 1) 
II M = 160 (RO 2. RO 2_2RO 2.~ 2:t~  2 
6M=1l. 
O/H+C/H+O/H-H/H-O/H-O/C 
O/H+C/H-H/H-O/C 
1. 1. 1. 1. 1. 1. 1. 1. 
6 M = 160 (RO 2RH ~RC ~ 2_~ ~ 2-RO <?nc 2) 
6M =-22 
The distribution between conformer (a) and (b) is 75:20. (Sce 
Conformational Analysis p.7?) ,6M(Cl -C2 )= + 4 
C -C C/Ht-C/H+O/O-O/C-H/H-O/C 
23 Y ill11111 
C4-C 
H~: ~ (; 6 M .. 160(2Rc~2:tR02R02-2R02Rc2-~'2~2) 
.' " l',M = -34 H" ·OAt. -
C 
C 
o.~~t 0,1-1 
"', .. ' 
H : Ai: 
, 
C 
5 OAc 
O~H 
\i-i"'H 
C 
(a) 
H 
C/H+O/C+o/H-C/O-O/H-C/H = 0 
C/H+O/o+H/H-C/H-O/H-O/H 
0/0+H/H-20/H 
1 1 1 1 1 1 
A M = 160(RO 2n0 2.r~ ~ 2-2R0"2 ~ 2) 
6.M=ll 
C/O+O/H+H/H-C/H-O/O-H/H °XH 
Ato" T '. H 1.~ _~ ~ 1.1. 1.~ 6 M = 160 (RC 2RO +RO 2 ~ -RC ~ 2_RO <?nO ) 
C 6M=1l 
(b) -99-
The distribution between conformer (a) and (b) is 70:30. The 
predicted molecular rotation for penta-Q-acetyl-g-arabitol is 
o therefore -19 • 
In Table (xvii) below, the observed and predicted molecular 
rotations of some sugars are given. In the case of the nltriles, 
the assumption that the molecular rotation is due entirely to 
the vicinal interactions is not valid. The carbon atom to which 
the. nitrile is attached, might well make a contribution 00 it is 
asymmetric with respect to the polarisability of the attached 
groups. (Atomic refraction is used as a measure of polarisability). 
It is not possible to calculate this "pure" asymmetric contribution. 
However, if this contribution is ignored, it should give rise to 
a constant error. 
.- -", 
Fully Acetylated Observed Brewster I S Method! vlhiffen I s Method Modified 
Sugar [M1DCHC1, ~edicted Error Orig. Parameters Parameter 
. --
D-Arabitol 
== 
130.6 
-19 - +45 -79 
D-Mannltol 108.5 -12 
- +33 -65 
== 
g-Sorbitol 29.5 -74 I 
- - -
!2.-Iditol 111.2 160 
D-Mannononitrile 
-7.7 + 5 +12·7 
= 
D-Ribononitrile 108.7 -76 -184.7 
= 
Q-Arabononitrile -10.4 -60 -49.6 
-
g-Galactononitrile167.2 +31 -136 
g-Glucononitrile 186 -141 -32.7 
g-Xylononitrile 172.5 -148 -320.5 
I I 
Table (xvii) 
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There is no correlation between predicted and observed values, 
indicating either that the conformational analysis is in error 
or that this simplified modification of Brewster's method is not 
applicable to these compounds. The values predicted by Whiffen's 
method for the alditols indicate that, neither the parameters 
derived for the pyranoses, nor their acetylated derivatives, can 
be used for the straight chain sugars. New values for the 
parameters must therefore be determined. 
In order to determine rotational parameters for the acyclic 
sugars, their conformer distribution must be known or assumed. 
For an analysis to be manageable, only a small number of conformers 
can be considered. The predicted values for the parameters are 
large, and even relatively small changes in conformer distribution 
can have a considerable effect on the molecular rotation. In 
the aldehydo sugars and the nitriles, the asymmetric contribution 
of C2 could be large, but the agreement between predicted and 
observed values of the molecular rotations for these sugars 
indicates that it is small. The possible conformations of the 
Cl group must also be considered. All these factors limit the 
accuracy and generality of the method. 
The values of the rotational parameters are listed in Table 
(xviii) below. 
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Parameter Rotational Value 
I--------------If---'--'-...:..---.. -.----.. 
F = H/H-20/H+O/O 
H = O/C-C/H-O/H+H/H 
X = CN/H-CN/O+O/C-C/H 
Y = CN/O-CN/C+C/H-O/O+O/H-H/H 
A = CHO/H-CHO/O+O/C-C/H 
B = CHO/O-CHO/C+C/H-O/O+O/H-H!H 
Z = C/C-2C/H+20/H-0/0 
Table (xviii) 
200 
170 
··25 
o 
200 
-450 
-40 
The conformations considered are indicated by the rotational 
parameters and are selected by the follO\~ing rUles. 
1) In the absence of any large 1,3 interactions the fully 
extended chain conformation is adopted. 
2) Where large 1,3 interactions occur, rotation takes place to 
relieve the interaction in such a way that the major part of 
the chain retains the fully extended zig-zag conformation. 
3) The conformation at the terminal position is as predicted 
previously. 
4) For the aldehydo sugars it is assumed that the confor~~tion 
shown below (XVIII) is adopted and the contribution this 
makes to the molecular rotation is accounted for in the A 
and B parameters. 
~H , \ /C, \' '. 0 <-i , 
ORe-: 1'1 
(XVIII ) 
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The predicted and observed molecular rotations for some 
straight chain sugars are shown in the following table (xix). 
Table (xix) 
Fully Acetylated Rotational Parameters Predicted Observed j 
Sugar [M]o [M]~(CHC13)i D J 
D-Arabitol C -C 
aJ 6/0+H/H-20/H=F(XO.75) 
b) C/H-C/O+O/H-H/H=-H(xO.2) 
C -C 
26¥-2C/O+O/0-H/H=F - 2H 
C3-C4 = 0 
CrC 
a a/0+H/H-20/H=F(XO.7) 
b) C/0-C/H+H/H-0/0=H-F(xO.3) 
Total: 2.15 F - 1.9 H 107 130.6 
D-Mannitol C1-C2 
a) 0/O+H/H-20/H=F(xO.7) 
b) C/O-C/H+O/H-O/O=H - F(x:O.3) 
C2-C3 = 0 
C3-C4 
2C/H-2C/0+0/0-0/H=F - 2H 
C4-C5 = 0 
C5-C6 
a) 0/O+H/H-20/H=F(xO.7) 
b) C/O-C/H+O/H-O/O=H - F(xO.3) 
. Total: 1.8F - 1.4 H 122 108 
I 
D-Iditol C1-C2 = 
a) c/H-0/C+0/H-H/H=-H(xO.5) 
b) H/H+O/0-20/H=F(xO.5) 
C2-C3 
C/C-2C/H+20/H-0/0 = Z 
C3-C4 
2C/0-2C/H-0/O+H/H=2H - F 
-
continued 
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Table (xix) continued 
, 
Fully Acetylated Rotational Parameters Predicted Observed 
Sugar [M] 0 [M]DO(CHCl D 
D-Iditol (cont. ) C4-C5 = C/C-2C/H+20/H-0/0=Z 
C5-C6 
a) H/H+0/0-20/H=F(xO.5) 
b) c/H-C/0-H/H+0/H=-H(xO.5) 
Total:2 Z + H 90 111.2 
D-Sorbitol CI -C2 
a) -0/0+20/H-H/H=-F(xO.5) 
b) C/0-C/H-0/H+H/H=H(xO.5) 
C2-C3 
2C/H-20/H-C/C+0/0= - Z 
C3-C4 
2C/H-2C/0-H/H+0/0=F - 2H 
C4-C5= 0 
C5-C6 
a) 0/0+H/H-20/H=F (xO.7) 
b) C/0+0/H-C/H-0/0=H-F(xO.3) 
Total:0.9 F - 1.2 H - Z 16 29.5 
D-Xylononitrile C2-C3 = 
CN/H-CN/C+O/O+C/H 
-20/H=X+Y+2F-H 
C3-C4 
2C/H-2C/0+0/0-H/H=F - 2H 
C4-C5 
a) 0/O+H/H-20/H=F(xO.75) 
b) c/H-C/O+O/H-H/H=- H(xO.2) 
Total:X + Y + 3.75 F - 3.2 H 181 l60 
D-Ribononitrile C2-C3 
CN/O-CN/C+O/H-O/O+C/H-H/H=Y 
C3-C4 = 0 
C4-C5 
a) 0/0+H/H-20/H=F(xO.7) 
b) C/H-C/O+O/H-H/H= - H(xO.3) 
Total;0.7 F - 0.3 H + Y 89 l09 
g-Arabononitrile C2-C3 
CN/H-CN/O+C/H-H/H+O/O 
-O/C=X+F - 2H 
C3-C4 = 0 
-l04- continued 
1 
Fully Acetylated Rotational Parameters Predicted Observed j 
Sugar [M) 0 [M)DO (CHCl3 D 
D-Arabononitrile C4-CS 
'fcont. ) 
a) 0/0+H/H-20/H=F(xO.7) 
b) C/O-C/H+O/H-O/O=H - F(xO.3 
Total: X + l.4F - 1.7 H 
- 34 -10 
D-Glucononitrile C2-C3 = 
CN/H-CN/C+O/O-O/H+C/H 
-0/H=X+Y+2F - H 
C3-C4 
2C/H-2C/0-H/H+O/0=F -2H 
C4-CS = 0 
CS-C6 
a) 0/O+HjH-20/H=F(xO.7) 
b) C/O-C/H+O/H-O/O=H - F(xO.3 
Total:X+Y+3.4 F - 2.7 H 196 186 
D-Galactono- C2-C3 = nitrile CN/O-CN/H+O/C-O/O+H/H 
-C/H= - X - F + 2H 
C3-C4 
1 
I 2C/H-2C/0-H/H+0/0 = F - 2H C4-CS = 0 
CS-C6 
a) 0/0+H/H-20/H=F(xO.7S) 
b) C/O-C/H+O/H-O/O=H - F(xO.2 
Total:O.SS F + 0.2 H - X P.69 168 
D-Mannononitrile C -C 
= 2 3 
CN/O-CN/H+C/H-O/C=-X 
C -C4 3 2C/H-2C/0+0/0-H/H=F _ 2H 
C4-CS = 0 
cs-c6 
a) 0/0+H/H-20/H=F(xO.70) 
b) C/O-C/H+O/H-O/O=H - F(xO.3 
Tbtal:1.4 F - 1.7H - X 16 
- 7.7 
continued 
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FUlly Acetylated Rotational Parameters 
Sugar 
Predicted 
[M] 0 
D 
r-----------;---------------------r-------+--------
D-Rhamnononitrile 
= 
.!?~FUcononitrile 
Aldehydo-)2-
arabinose 
As for D-mannono-nitrile 
but witE no C5-C6 contribution. 
Total: - X + F -2H 
As for D-galactono-nitrile 
but witH no C5-C6 contribution. 
Total: -X 
The conformation for the alde-
hydes is the same as that for 
the nitriles; X is replaoed by 
A and Y is replaced by B. 
- 115 
25 
Total: AH.4 F - 1.7 H 191 
Aldehydo-Q-xylose Total: A+B+3.75 F - 3.2 H 
Aldehydo-D-ribose Total: 0.7 F - 0.3 H + B 
= 
Aldehydo-D-glucose Total:A+B+3.4 F - 2.7 H 
-
Aldehydo-D-
~ Total: 0.55 F + 0.2 H - A 
galactose 
Aldehydo-g-fUcose Total: -A 
FUlly Propionylated 
Sugars I 
D-Galactononitr1le As for acetylated esters 
-
Total: 0.55 F + 0.2 H - X 
D-Glucononitrile Total: X + Y + 3.4 F - 2.7 H 
D-f1annononi trile Total: 1. 4 F - 1. 7 H - X 
-
D-Rhamnononitrile Total: - X + F - 2H 
= 
- 46 
-361 
- 29 
- 56 
-200 
169 
196 
16 
-115 
13.2 
74.2 
190.8 
-50.5 
-121 
- 15.9 
- 95 
:-132 
168 
183 
25.6 
27.4 
The overall agreement between predicted and ob served values 
supports the assigned conformational distribution. Notable 
exceptions to the overall pattern of agreement are tetra-Q-acetYl 
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(and propionyl)-Q-rhamnononitrile and tetra-Q-acetyl-aldehydo-£-
ribose. The errors may be partly due to the difficulty in 
optimising the values of the rotational parameters but the error 
o 
of ca 140 for ihe rhamnose derivatives is too large to be accounted 
for in this way. o The predicted value of - 115 is calculated 
from conformer (XIXa) but a second conformer (XIXb) may well make 
some contribution as it involves no large 1,3-interactions. 
OAt H H OAt: H OAr:. 
'\1/ ""' , , ~N H I 
?f 
C~ 
, 
\ , 
H H H OM-OAt H 
0.1\;; '(Si OAc 
/1(' ./ \ . . . 
- \ 'r'" Cl10flt H H " -: N 
I 
C.H3 
(0) 
Tetra-Q-acetyl-g-rhamnononitrile (XIX) 
The Newman projections for conformer (b) together with vicinal 
interactions are shown below. 
OAa ((Aa 
H."J .. /M<:' H ; 0Ac. ~ C'~~' H G:N - T -'N 
I 
C 
H C>f:; aPt': 
J~ ...... 
OAc CH3 
H 
C4-C5(b) 
O/O-O/H+CN/C-CN/O+H/H-C/H = y 
C/C-2c/H+20/H-0/0 = z 
C/C-C/H+O/O-O/C+H/H-O/H = Z - H + 2 F 
Total Rotation = + 150 
The distribution at C4-C5 presents a problem; models indicate 
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that when either the Q-acetyl or methyl group ~es close to the 
sugar chain as in [C4-C5(b)) a large steric interaction occurs, 
and therefore only conformer [C4-c5(a)) is considered. Any 
contribution from conformer (XIXb) Nould tend to close the gap 
betNeen predicted and observed values for the rotation. If the 
same procedure is repeated for tetra-O-acetyl-D-fucononitrile 
- = 
(XXa), we get conformer (XXb). 
01>.(; H H 91~' H OA, 
I 
, (=1'1 (" - Ac OAf .. 
, R.= CHOAo \ , I H OAC. H Cl'! CH3 
Iq) \ . (b) 
Tetra-Q-acetYl-~-fucononitrile (xx) 
The predicted rotation from conformer (a) is + 25°, from (b) is 
_1250 and the observed value is +740 • In this case, any contrib-
ution from conformer (b) will increase the disparity betNeen the 
observed and predicted values. The only essential energy 
difference between the fucono and rhamnono compounds in conformer 
(b) is in the 1,2 interactions around C)-C4 (XXI) and this will· 
be of the order of 500 cals. greater for fucononitrile. 
OAc , H¥OAC 
C ..... T-"'~ 
C 
OAn 
, 
(XXI) 
Assuming that the contribution from conformer (b) in fucononitrile 
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is negligible, its population in rhamnoninitrile cannot be greater 
than 30%. Taking conformer (XIXb, 30%) into account, the 
o predicted value for rhamnononitrile is - 35 , which compares 
o better with the observed value of + 13.3 • 
The even larger error of 2400 for the ribose derivative, 
indicates that here too, the conformational analysis is inaccurate. 
Conformer (XXIIa) was used to determine the molecular rotation but 
conformer (b) is also possible. In the case of the sugar thioamides, 
conformers of the type (b) are shown by examination of n.m.r.spectra 
to be highly populated (as discussed earlier). 
H H OAr: H 
I I )l: - / OAc. 
OAt: 
(0) (b) 
(XXII ) 
Conformer (XXIlb) gives the following rotational parameters. 
C2-C3 CHO/H-CHO/O+O/C-C/H = A 
C3-C4 C/C-C/H+O/O-O/C+H/H-O/H = Z + 2F - H 
C4-C5(a) H/H-20/H+0/0 = 0.5 F 
C4·C5 (b) C/H-C/O+O/H-H/H = -0.5 H 
Total = A+Z+2.5F-l.5H=+405 
(At C4-C5 the conformation where the OAc interacts most strongly 
with the sugar chain is considered to have a negligible population). 
If the distribution between conformer (a) and conformer (b) is 7:3, 
then the predicted rotation is - 1270 (observed [M1D-121
0 ). However, 
if this is the conformer distribution for tetra-Q-acetYl-aldehydo-£-
-ribose, a similar distribution must occur for xylose. The 
molecular rotation for the xylose conformer, where the aldehydo-
group stays in the plane of the chain, and the C
5 
group twists out 
of plane, is - 850 • Assuming the same relative conformer distribution 
as for ribose, the recalculated molecular rotation is _570 which 
o 
agrees well with the observed value of -50.5. The nitrile group 
is smaller than the aldehydo-group and therefore type (b) conformer 
would not be expected to be as important as for the aldehydo-sugars, 
but as Table (xx) below shows, the agreement between observed and 
predicted rotations improves if (b) makes a contribution. 
Fully Acetylated [M]DoConformer(a) [M]DoConformer(b) Observed [M] 0 
Nitrile CHC13 
D 
D_Xylose 
= 
181 140 160 
D-Ribose 89 180 109 
= I 
Table (xx) 
The above results show that molecular rotation can provide useful 
supporting evidence for conformational distribution. The method 
could be used quite generally for series of acyclic compounds if 
the "pure" asymmetric contribution for systems were known. 
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ORGANO LITHIUM REACTIONS 
In the initial experiment, the reaction of pentachlorophenyl 
lithium(I) with methyl-2,3-anhydro-4,6-0-benzylidene-a-D-
- - == 
UllOiJ"~'C'1osidElH) was examined. Compound (H) is only slightly 
soluble in most solvents, and was added to the pentachlorophenyl 
lithium solution as a suspension in benzene. Attack upon the 
epoxide ring in the sugar is rather hindered sterically, and 
for this reason an excess of (I) was used. 234 Mills has 
postulated that 4,6-benzylidene sugars, where ring inversion 
is unlikely, will obey the FUrst and Plattner's rUle,235 and 
show diaxial opening of the epoxide ring. In general, this 
236 
appears to be the case, but there are some examples of 
diequatorial ring opening of (H). The products from Mequ!)torial 
and diaxial ring opening are shown below. (The epoxide ring 
bonds are shown as equatorial and axial for clarity). 
Diequatorial Ring Opening 
(Q-gluco) 
(IH) 
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Diaxial Ring Opening 
(g-altro) 
(IV) 
Neither of these products was isolated from the reaction mixture. 
The use of a large excess of butyl lithium and hexachlorobenzene 
complicated the reaction. On chromatography, a fraction containing 
hexachlorobenzene and a small amount of pentachlorobenzene was 
isolated. The second major fraction isolated was 3,4,5,6-
tetrachlorotricyclo-[6,2,2,02,7]-dodeca-2(7),3,5,9,11-pentaene 
(v-28% based on reacted hexachlorobenzene). This product results 
from elimination of lithium chloride, and attack by the tetra-
chlorobenzyne on the solvent (V).237 
C£ 
_C~~TI ;»J~ 
ce , 
ct 
(v) 
The adduct was identified by the comparison of spectra and melting 
point with an authentic sample of the adduct kindly provided by 
Dr.H.Heaney and Mr.J.M.Jablonski. The only other major fraction 
was a mixture of at least six components, and attempted 
separation of these by P.L.C. was only partially successful. The 
metallation of hexachlorobenzene by butyl lithium in benzene, is 
obviously far from complete as ~ 85% of unreacted hexachlorobenzene 
was recovered. The excess butyl lithium attacked the sugar, 
making the mixture of products even more complicated. One of 
the fractions (F4 ) isolated, contained a benzylidene group, an 
~-butyl group and two hydroxyl groups by n.m.r., but T.L.C.showed 
this fraction to be a mixture of three components running closely 
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together. The major fraction (F3 ) which was contaminated with 
a second component containing an ~-butyl side chain, was shown 
by n.m.r. to contain a low field proton and no methoxyl group. The 
I.R.showed an absorption peak at 1645cm-l which is typical of an 
~, f-unsaturated ether. 
The reaction was repeated using a much smaller excess of 
lithium butyl. The ~action soluble in petroleum-ether was 
chromatographed and three major fractions isolated. The first 
fraction was a mixture of hexa- and pentachlorobenzene, a 
partial separation of which was achieved by Iecrystallisation. 
The second fraction was the tetrachlorobenzyne-benzene adduct 
(17%). The remaining ~action contained all the reacted sugar. 
This ~action was shown by T.L.C. to consist of essentially 
two components. These components were separated by P.L.C. and 
re crystallised from methanol. The major product (~ 5~ of this 
~action) formed a mono-acetyl derivative and had an elemental 
analysis, I.R. and n.m.r. spectra consistent with ring opening 
of the epoxide with pentachlorophenyl lithium. The only proton 
expected to show as a doublet, in the n.m.r. (Plate XIII), is 
the anomeric proton. In both the diaxial (VI) and diequatorial 
(VII) ring-opened products, this doublet should have a 
coupling constant of around 3c/s (assuming the chair conformation 
is adopted). 
(VI) (VII) 
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The observed coupling constant for the low field doublet is 
238 7c/s. Coxon has studied the n.m.r. spectra of 4,6-benzy1ider-e 
hexosides, and in the a1troside compounds which he examined, the 
anomeric proton had a coupling constant consistent with the 
chair conformation (VI). However, the ~~ia1 pentachloropheny1 
group may be large enough to force the a1troside into the boat 
form. TWo boat forms (VIII) and (IX) are shown below. 
HO"''' 
(VIII ) 
--." 
11 
(IX) 
Both boat forms would give rise to a large coupling constant 
for the anomeric proton. The only other resolved resonance is 
a low field quartet. This is assigned to H2 as this proton is 
deshie1ded by the aromatic ring. The coupling constants for 
the quartet are 7c/s and 9c/s which is consistent only ,·d th 
conformer(IX). This conformer has the three large groups, 
pentach1oropheny1, hydroxyl and methoxy1, in pseudo equatorial 
positions. The assignment of structure assumes that neither the 
benzylidene nor the methoxy1 group has migrated. 
The second product was characterised as 4,6-Q-ben7.ylidene-2.-
pentach10rOpheny1-~-a11al(X). 
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R = pentachlorophenyl·· 
The corresponding compound where R = phenyl, was isolated by 
Overend, Feast and Hill1ams,239 as the only product from the 
attack of phenyl lithium on the methyl-4,6-Q-benzylidene-2,3-
anhydro-~-R-alloside. The n.m.r. spectrum of (X) is shown 
in Plate (XIV). The main features of the spectrum are the low 
field singlet at 3.581r and the absence of the methoxyl protons. 
The I.R. spectrum indicates an ~,Q-unsaturated ether. The 
loss of methanol was not expected as the methoxyl and C2 
hydrogen cannot attain the diaxial orientation which would favour 
elimination. The steric interactions in the allal (X) are 
obviously less than those in the altrose (VI) and this would 
provide the driving force for the reaction. In the original 
allose (XI), the methoxyl and Czhydrogen are diaxially orientated 
and a possible mechanism is shown below. 
(XI) 
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Plate ill 
H 
2 3 S" 7 8 
b cj5ec!unit. 
The reaction was repeated using methyl-4,6-Q-benzylidene-2,3-
anhydro-~_Q-mannoside. This sugar epoxide is much more soluble 
in ether than the corresponding alloside. An ether solution w~s 
therefore used as there is no possibility of benzyne attack on 
the solvent and the metallation of hexacblorobenzene goes in 
higher yield in ether than in benzene. Diaxial epoxide ring 
opening requires at'';'lck at C
3 
and attack in this position is 
sterically hindered. Unreacted epoxide (31%) was recovered. 
Chromatography of the petroleum·ether-soluble material gave two 
major fractions. The first fraction was a mixture of hexa- <,nd 
pentachlorobenzene (~35% of original hexachlorobenzene). The 
second fraction was characterised as methyl-4,6-Q-benzylidene-
a-D-altropyranoside (rv,R=OH), presumably arising from attack 
-= 
by lithium hydroxide on the epoxide. This is somewhat surprising 
as Robertson and Griffith240 found it necessary to heat the 
o 
mannoside at 100 C, in a sealed tube, with 5% sodium metho;:i<:',e, 
for tl1enty hours to get complete hydrolysis. 
An attempted reaction between lithium tetrachloropyridine 
and methyl-4,6-0-benzylidene-2,3-anhydro-a-D-mannopyranose, was 
- - ::: 
unsuccessful. ' The unreacted epoxide was largely recovered. 
Similarly, an attempted reaction between 4-methyl-lithium thiazyl 
and methyl-4,6-Q-benzYl1dene-2,3-anhydro-~-g-".llopyranose, led to 
the recovery, in high yield, of the unreacted epoxide. Be round 
and 241 . Metzger have shown that lithium thiazyls readily attack 
less sterically hindered epoxides. 
Only one reaction between a halo-sugar (di-Q-isopropylidene-
~-Q-mannosYl chloride) and pentachlorophenyl lithium, was 
examined. The first product to separate from petrole11,,! p+!:~:;:-
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was a slightly syrupy solid. After two rccrystallisations this 
material was still not highly crystalline. The n.m.r. spectrum 
(Plate XV) showed a low field doublet (one proton), one hydroxyl 
group and only one isopropylidene group. The I.R. spectrum 
66 -·1 showed hydroxyl and an absorption at 1 Ocm which is assigned 
to an ~-~-unsaturated ether. This evidence is consistent with 
the compound being 5,6-Q-isopropylidene-l-pentachlorophenyl-l,2-
dideoxy-£-arabo-furanose-l-ene. (XII). 
A model shows the expected coupling constants to 
~ 500 ) and JHJI ~ 8c/s (~H H = 10
0
)_ 
) 4 34 
H 
(XII) 
be JH H ;;C!. 4c/s 23 
the observed 
values are JH H = 3c/s and JH H = 6c/s. The addition of D20 23 34 
causes the H3 multiplet to sharpen, indicating that the hydroxyl 
group is at Cy The compound decomposed on attempted purification 
by chromatography. Three main fractions were isolated. The first 
fraction was a m:'.xture of hexa- and pentachlorobenzene. The 
second fraction, a pale yellow syrup, which rapidly darkened in 
colour on standing, was not identified. T.L.C. showed two 
major spots running closely together (Rf 0.56 and Rf 0.53, 5~ 
methanol/benzene). The I.R. spectrum showed a strong OH and 
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aliphatic C - H absorption and an unassigned absorption at 
-1 1720cm • The n.m.r. spectrum showed two isopropylidene groups, 
one butyl group and five sugar-chain protons. The third fraction 
was identified as 2,3:5,6-di-Q-isopropylidene-~-Q-mannofuranose. 
Only one other 1,2-unsaturated furanose derivative has 
been reported. 242 Ness and Fletcher synthesised 3,5-di-Q-benzoyl-
1,2_dideoxy_D-erythro-pent-l-enofuranose (XIII) as shown below. 
-
(x IV) 
The compound decomposed on standing and reacted with methanol or 
water to give (XIV) a and b respectively. '1'he reaction with 
water also gave furfural benzoate (XV). 
Stacey and his co_workers243 have used dimethyl sulphoxide/ 
acetic anhydride as an oxidising agent in the sugar series with 
considerable success. The product from the oxidation of 
1,2:3,4-di-O-isopropylidene-a-D-galactopyranose (XVI) was 
- -= 
considered to be 1,2:3,4-di-Q-isoprOPYlidene-~-g-galacto­
hexodialdo-l,5-pyranose from its B.pt and LR. spectrum.O<Vn) 
CHO 
(XVII) 
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However, the major product from two organo-lithium reactions, 
with this compound, was identified as 1,2:3,4-di-Q-isopropylidene-
~-Q-galactopyranose. Re-examination of the starting material 
showed that acetylation, not oxidation, had taken place in the 
initial reaction giving 1,2:3,4-di-Q-isopropylidene-6-Q-acetyl-
a-D-galactopyranose. Acetyl groups are 
-= 
organo-lithium compounds. Albright and 
readily cleaved by 
244 Goldmann have 
previously reported acetylation occurring when using DMSO/acetic 
anhydride as an oxidant. 
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MICROBIOLOGICAL TESTS 
2-Phenyl-4-methyl-4-hydroxy-5,6-dihydro-4H-1,3-thiazine 
• 
was tested for antimicrobial, antifugal, neurological and 
cardiovascular activity. Gram positive bacteria are usually 
susceptible to antibiotics; gram negative bacteria are much 
less so. Fungal diseases appear to be of increasing importance 
both in humans and in agriculture and, in general, do not 
respond to treatment with antibiotics. The biological tests 
reflect the need for chemotherapeutic agents in these areas. 
Some sugar thiazoles were tested as antibiotics and 
2-[g-gluco-penta-Q-acetYlpentyl]-4-phenyl-1,3-thiazole was 
also tested as an anthelmintic. Short explanatory notes on 
the cultures used are given below. 
Staphylococcus aureas - Gram positive bacteria which are 
pathogenic and are resistant to antibiotics in many cases. 
Escherichia coli - Gram negative bacteria which are not 
usually pathogenic; occasionally they cause infection of the 
genito-urinary tract, but are resistant to antibiotics. 
Proteus vulgaris - Gram negative bacteria which are 
generally non-pathogenic but may be encountered in cystitis, 
infantile diarrhoea and suppurative lesions. Treatment with 
antibiotics is not always successful. 
Pseudomonas pyocyanea - Gram negative bacteria which are 
not pathogenic to man but cause a considerable amount of food 
spoilage. The bacteria are resistant to antibiotics. 
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Salmonella typhi - Gram negative bacteria which are often 
responsible for food poisoning and a close relative to the 
causative agent Cs. typhosa) of typhoid fever. Some strains 
are resistant to antibiotics. 
Candida albicans - A yeast-like fungi which grow in mucous 
membranes and skin lesions and generally do not respond to 
treatment with antibiotics. 
Haemophilus influenzae - Gram negative bacteria which cause 
acute respiratory illness, pus-type meningitis in children and 
acute conjunctivitis. 
Brucella abortus - Gram positive bacteria which are not 
usually pathogenic to man. They cause abortion in female cattle 
and also sterility and lameness. Auromycin and chloromycetin 
have been used with some succeSS against the disease. 
Microsporum canis - A dermatophyte which usually attacks only 
cats and dogs. When they are transmitted to humans, the reaction 
can be severe. Thorough scrubbing with soap and water eliminates 
the fungi. 
Trichophyton mentagrophytes and T. rubrum are causative 
agents of "athletes foot". 
Heterakis and Nippostrongylus are round worms of the class 
Nematoda. 
Heterakis is found mainly in chickens and Nippostrongylus in horses. 
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PRIMARY PARASITOLOGICAL TEST REPORT ALLEN AND HANBURYS LTD.WARE 4 
-
A.H.Number 1824 Originator Index JBL 1 Date 6.7.64. 
Formula CU I\3NOS Name 5,6-Dihydro-4-methyl-2-phenyl-4li-l,3-thiazin-4-o1 
Tests for Antimicrobial Activity 
Minimal Inhibitory Concentration ug/ml 
Culture Culture 24 5 days Antagonists 24 5 days 
Media hours hours 
Staphylococcus ::>100 
aureus CN491 
Escherichia :>100 
coli AH 
Proteus Dextrose 100 >100 
vulgaris Peptone 
LHl4 water 
Pseudomonas 100 100 
pyocyanea 
N.C.T.C.8203 
Salmonella , 100 100 
typhi N.C.T.C 
786 
Candida ;>100 
albicans 1549 , 
Haemophilus Haemolysed 
influenzae blood 
N.C.T.C.8468 broth 
Brucella Tryptose <50 
abortus 319 broth 
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·. 
. . 
Tests for Antifungal Activity 
Culture Minimal Inhibitory Concentration ug/ml 
Culture 7 days 14 days 
Media 
Microsporum Sabouraud I s 50 50 
canis broth 
Trichophyton 50 50 
mentagrophytes 
(Fehr) 
Trichophyton 50 50 
rubrum 1614 
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PRIMARY PHARMACOLOGICAL REPORT (NEUROPHARMACOLOGY). 
Compound Number AH.1824 
Originator Index JEL.1 
Report to DJ,NJH,IISM, AR, 
LEM 
Date lOth September 1964. 
TEST 
ALLEN AND HANBURYS LTD. WARE 
5,6-Dihydro-4-methyl-2-phenyl-4H-
1,3-thiazin-4-ol -
RESULT/REMARKS 
1------------11----------------
Acute oral ID.50 (Mouse) 
Effects on behaviour in the 
mouse 
Climbing test 
Effects on body temperature 
in the mouse 
Anticonvulsant 1. Leptazol 
2. M.E.S. 
Anti-tremorine 
Anti-amphetamine 
Anti-reserpine 
Analgesic 1. Hot-plate 
2. Phenyl quinone 
3. Tail-clip 
Anti-tussive 1. Ammonia 
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800 mg./kg. 
Transient sedation following 400 mg./kg. 
orally. Slight passivity, ptosis and 
reduced grip strength; Onset 15 min., 
peak effects 15-30 min., duration 
60 min. 
Slight inhibition of climbing behaviour-
following 200 mg./kg.orally. 
No effects at 2 hr. following 200 rn~./kg 
orally. 
Reduced mortality 200 mg./kg.S.C.;--:c 
100 mg./kg.S.C. -ve 200 mg./kg.orally. 
-ve 200 mg./kg.oral1y 
-ve 200 mg./kg.orally 
-ve 3 x 200 mg./kg. orally 
-ve 200 mg./kg. orally and S.C. 
Negligible activity 200 mg./kg. orally 
Negligible activity 200 mg./kg. orally 
-ve 50 mg./kg. orally 
PRIMARY PHARMACOLOGICAL REPORT (CARDIOVASCULAR/SMOOTH MUSCLE) 
Compound Number AH.1824. 
EFFECT ON PERIPHERAL NORADRENALINE (NA) LEVELS IN THE MOUSE 
- . 
Control Test Guanethidine control 
g/g.NA Treatment % change NA Treatment % change NA. 
CONSCIOUS CAT: Effects on normal behaviour (Grades response 
++++ maximal) 
S.C.Dose Ataxia Paralysis Rest- Tremor Autonomic Misc. 
mg./kg. less- conv. !Pupil Nict.m. Salvo 
ness. 
25 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 I 0 , 
ANAESTHETISED CAT: Wt. Sex Anaesthesia. 
i.v.Dose Blood pressure H.R./ Respn. C.O. 
mg./kg. mm.Hg. duration min. reflex 
5 INACTIVE 
INACTIVE 
i I 
ANAESTHETISED GUINEA-PIG. (0,0-10% reduction; + 10-5~ reduction; 
Bronchial resistance preparation. ++ 50-75% reduction;+++75-100% 
reduction) 
Dose mg./kg.I.V. Anti-MH. Anti-5HT Anti-bradykinin. Anti-histamine 
1.0 0 0 No result + 
I I 
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Loughborough I.C.I. ANTIPACTERIAL* (In Vitro) I ANTIBACTERIAL (In Vi ':0 
Number Number Gram +ve Gram -ve Gram +ve Gram ·-ve 
61 58,849 ;:>1,000 '1,000 N.A. N.A. 
62 58,850 >1,000 >1,000 
63 58,851 ;:>1,000 >1,000 
65 58,853 >1,000 >1,000 
1 
*Minimum inhibitory concentration in p.p.m. 
N.A. = not active. 
RI Rtf 
61 penta-Q~acetY1-g-g1ucopentY1 H 
62 pentahydroxy-p-g1ucopenty1 N02 
63 penta-Q-acety1-Q-g1ucopenty1 Br 
64 tetra-0-acety1-D-arabinobuty1 Br 
- :: 
65 penta-£-acetY1-~-glucopenty1 Me 
Compound 61 showed no activity against Heterakis or 
Nippostrongy1us. 
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EXPERIMENTAL 
Chapter Experiments 
I The synthesis of five and six membered 
rings containing nitrogen and sulphur. 
Aldononitriles •••••••••.•••.•••••••• 1 9 
2-Substituted thiazol-4-ones •••••••• l0 15 
Aldonothloamldes •••••••..••••••••••• 16 24 
Thlazines ••.•.•......••..•...•.•.•.• 25 43 
Thiazoles ...•.•......••....•..•••••. 44 68 
Thlazolidlne-4-ones ••.•••••••••••••. 69 80 
Imidazolidine-2-thione.............. 81 
Imidazoline-2-thione................ 82 
II Organo lithium reactions ••••••••••••••••• 1 7 
EX PER IlIENTAL 
Micro analyses were carI'ied out by Mr. P. BONa, 
Hr. R. White, llr. K. Scott or Drs. G. Weiler and 
F.B. Strauss. 
Melting points and bOiling points are uncorrected. 
Infrared spectra were recorded on a Unicam SP 200, 
a Perk in Elmer 237 or 257 spectrophctometer. Solids 
were examined using the nujol mull technique and liquids 
as thin films. The following abbreviations are used in 
recording LR. spectra ,- s. - strong; m. - medium; w. - weak 
and b. - broad. 
Ultraviolet spectra were recorded on an SP 800 
spectrophotometer using matched 10mm. cells unless otherwise 
stated, and methanol as the solvent. 
Nuclear magnetic resonance spectra were recorded by 
JIr. M. Jiggins or Mr. R. Chabbra on a Perkin Elmer R 10 
(60M. c/sec.) spectrometer using tetramethylsilane as an 
internal standard unless otherwise stated. The following 
abbreviations are used in recording these spectra ,-
b. - broad; s.- singlet; d. -doublet; t. - triplet; 
q. - quartet; qn.- quintet; sx.- sextet; sp.- septet; 
0.- octet and m.-multiplet. 
Optical rotations were measured using a Bendix NPL Automatic· 
polarimeter 143C. 
Column chromatography VJas on B.D.H., lLF.C. grade 
silica. Thin layer chromatography was on Keiselgel H.F.254. 
Preparative layer chromatography was on Keiselgo1 P.F.254. 
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Spots were detected by U.V. light, iodine vapour or 
by charring with sulphuric acid. 
Vapour phase chromatography employed a Pye series 
r04 Chromatograph fitted with a flame ionisation detector. 
o Petroleum ether refers to the 60-80 C. boiling range 
and solvents were dried by standard methods. 
Literature melting points are those quoted by 
J .R.A. Pol1ook and R. Stevens in the Dictionary of Organic 
Compounds unless another reference is given. 
1.) 2, 3, 4,5',~-Penta-O-acetyl-D-glucononi trile 
Ii.ethod (r) as described by H.T. Clarkc and S.H. Nagy.245 
Sodium (20g.) was added to methanol (350ml.) il1 a 
round-'bottomed flask fitted with a reflUX condenser. 
rni tially, the reaction was controlled by cooling the flask 
in an ice bath. This solution ·oi' sbdium meihoxide was 
carefully added to a solution of hydroxylamine hydrochloride 
61g., 0.88H.) in water (20ml.). After twenty minutes, the 
solution <Jas cooled to OOC. and the sodium chloride removed 
by filtration and washed with cold methanol (350ml.). The 
combined filtrate and washings were warmed to 65°C. and a 
solution of g-glucose (90g , 0.5!vl) in 25% aqUeous methanol 
(200ml.) added slowly whilst stirring. The resulting 
solution was held at 65°C. for a further two hours. The 
solvent was removed using a rotary evaporator. Absolute 
alcohol (lOOml.) was added and the solution again evaporated 
to drynoss. This last stage was repeated in order to 
remove all the water. 
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A sample of the oxime, which WaS a syrup, was taken 
and its n.m.r. spectrum examined in DlISO. 
A solution of the oxime, in glacial acetic acid (50ml.) 
and acetic anhydride (lOOml.), was slowly added to a stirred 
sUspension of finely powdored, anhydrous sodium acetate (lOOg.) 
in hot acetic anhydride (650ml.). After the addition was 
complete, the reaotion mixture lVas heated for ono hour on a 
water bath. The acetic acid and unreacted anhydride were 
distilled off under reduced yrcssure. The residue was poured 
into an ice/water mixture (2,000ml.) and allowed to stand 
overnight. After chilling to OOC., the brown solid which 
had separated was filtered, dissolved in hot absolute alcohol, 
doco10urised with charcoal and recrystallised from alcohol. 
Yield 91g. (47%) 
!I.pt. 
(cm~l) I.n. spectrum 1760s. (OA;), C~N not assignable. 
11.m.r.Spectrum (CD3COCD3)", H2,H3 and H4m.,4.4 (3 protons); 
H5m.,4.9 (1 proton); H6H6'm.,5.8 (2 protons); OA;; s., 
7.85 (9 protons) and OAc s., 8.0 (6 protons). 
2.) ~, 5. 6-Pcnta-0-acety1-D-galactononi trile 
a) The title compound was prepared by the method (r) 
described above (0.25 H. scale). 
Po-Galactose oxime (not recrystallised) 
Yield 
].1. pt. 
21g. (86%) 
150-156°C. (Lit. M.pt. 
The n.m.r. spectrum Vias examined in mlSo. The nitrile did 
not separate as a solid 011 pouring onto ice. The almost black 
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syrup which was isolated did not decolourise on treatment 
wi th charcoal. Repeated crystallisations from absolute 
alcohol gave a white solid. 
Yield 3.8g. (4% as nitrile). 
The n.m.r. spoctrum showed that the material contained 
approximately 20% of the hexa-O-acetyl-~-galactose oxime 
(doublet at 2·51', J=5o/s ). 
b) !lethod (II) • D-Galactose oxime (lOg.) in pyridine 
-
(30ml.) and acetic anhydride (30ml.) Vias hoated 0 at no C. for 
three hours. The solution was cooled and poured into iced 
water. The solid which separated was filtered eff, 
dccolourised with charooal and after five crystallisations from 
alcohol, a white crystalline solid collected. 
Yield 7g. (34%) 
M.pt. ° 134-136 c. (Lit. M.pt. 136-138°C. ) 
1. R. spee trum (cm-I) 1740 s. and 1720 s. ( OAa) , C,;N not 
assignable. 
c) As fer (b) above oxcopt pyridine (30ml.) and acetic 
anhydride (20ml.) and heatod at 110°C. for one hour. The 
work up was much ea.sier but the yield of the nitrile lower •. 
Yield 2g. (10%) 
M.pt. 135-136°0. 
n.m.r. Spectrum (CDCI3)" l 
H6H6' two quartets, 5.6 (2 protons); OAc s., 7.85 (3 protons), 
7.9 (9 protons) and 8.0 (3 protons). 
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3~ 2,3,4,5-Tetra-0-acetyl-D-xylononitrile 
As for glucononi trilo method (r), 0.125 M. scale. 
A sample of the oxime, a syrup, in mlSO, was examined 
by n.rn.r. 
[O<]=7.6o(DMSO, c=3.1) No mutorotation obs0rvcd over 
D 
twenty-three hours. 
[1X]::.5.6° (mlSo/H2o (9/1) c 3.1) No mutorotation D 
observed over seven hours. 
The nitrile was recrystallised from absoluto alcohol. 
Yield 
H.pt. 
14g. (37%) 
80-82°C. (Li t.I1.pt. 
H5H5' m., 5·8 (2 protons); OAc s., 7.8 (6 prot0>18), 7.9 
(3 protons) and 8.0 (3 protons). 
1740 s; (OAc), C~N not assignable. 
4.) 2,3,4,5-Tetra-0-acetyl-L-arabononitrile 
As for glucononitrile method (r), 0.125 11. scale. 
Crude arabinose oxime, in D1ISO, was examined by n.m.r. 
[",J "" D 42.1
0 (mISO, c 0.27) Time : zero 
(""] D -:. 34.7
0 (mmo, c 0.27) Time . 60mins. 
[o<.J -::. 31.00 (mmo, c 0.27) Time 3,600mins. 
0 
A sample of arabinose oxime was rocrysta11ised from 
a~ueous alcohol. . 0 H.pt. 135-137 C. (Lit. M.pt. 138-139°C.). 
Tlie n.m.r. spectrum of the recrystallised material was also 
examined in DIISO. 
[<><J .!:. 101.90 (Initial) 
:0: .0' .. (<><.JI)'" 33.2 (Final) 
- 131-' 
J:-Arabinose oxime (0.0889g.) in DI!SO/H20 (5ml./0 • 194g.) 
The variation of rotation with time is shown in Table (i) 
below. 
_____ ' .. 1 
1 
Time Rotation a - }iutorotation log.(a - x) ; I (mins.) Reading (a..) Reading (x) I 
0 360 242 " i ! I 2 352 236 I 
3 365 241 I ! , 
• 
4 362 244 \ 2.3838 / , 
I , 
6 360 242 j 8 360 242 
Il 360 242 
106 342 224 2.3502 
2)"8 • 2.2818 312 194 
420 268 150 2.1161 
·o~ 260 ).4.2 2.1523 
'TV' 
1110 198 80 1. 9031 
1345 188 10 1.8451 
1644 114 56 1.1482 I 
1882 162 44 1.6435 I I I I 2609 140 22 1.3424 
1 
.---' 
I 2901 136 18 1.2553 
l 
Table (i) 
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Arabinoso nitrile Vias recrystallised from absolute alcohol. 
Yield (39%) 
M.pt. (Li t. M. pt. 
LR. spectrum 
116-11&oC. 
(om-I) 1750 s. and 1730 s. (OAe), 
C:N not assignable. 
n.m.r. Speotrum (CD3COCD3 )"l' I H2d., 4.13 (1 proton); 
H3Q., 4.38 (1 proton); H4sp., 4.74 (1 proton); H5H5 ,m., 
5.8 (2 protons); OAc s., 7.83 (6 protons), 7.96 (3 protons) 
and 7.98 (3 protons). 
5.) ?.l3,4,5-Teh&·-p-acctyl-~-ribonol1itrilc 
D-Ribosc oxime was proparod by method (1) using 38'-
-
of D-ribose. 
Yield 3g. (90%) 
The n.m.r. spectrum Vias oxamined in DlmO. 
The nitrile was prepared by method (11). The oxime 
(3g.) was added to pyridine (6ml.) and acetic anhydride (4ml.) 
at OOC. and left in the refrigorator overnight. The nitrile 
was roerystallised from alcohol. 
Yield 1.4g. 
M.pt. 70-7loC 
( cm-I) LR. spectrum 
C~N not assignable. 
n.m.r. Spectrum (CDCI3 ) l' 
(25%) 
(Lit. I'I.pt. 7l-72oC.) 
1750 s. and 1730 s. (OAe), 
H d , 4.22 (1 proton); 
2 
H3 and H4 m., 4.6 (2 protons); H5H5,m., 5.7 (2 protons); 
OAe s., 7.83 (9 protons) and 7.91 (3 protons). 
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6.) 2, 3, 4, 5-Tetra-O-acotyl-D-rhamnononitrile 
The oxime was yrepared by method (I) using D-rhamnoso 
-
(lOg. ). 
Yield (87%) 
The n.m.r. spoctrum Was examined in DlISO. 
The ni trile was prepared by method (n). D-Rhamnose 
oxiu;(J (6g.) was added to pyridine (25ml.) and acotic 
anhydride (20ml.) at room temporature and loft overnight. 
On wOrk up, a syrup was isolated. 
T.L. C. 10% EtOH/benzene 
Benzene 
Rf 0.7 
Ri' 0.5 
The syrup was chromatographcd on a silica column (IOOg.) 
the eluent being ohanged gradually from 50/50, petroleum 
ethor/benzene to benzene. The major produot, eluted over 
seven 100ml. fractions, weighed 5.4g. (49% based on nitrile) 
and consisted of a single oomponent by T.L.C. 
Aa 
n.m.r. Spectrum (CDCI3)i: ( 
\ . - . m. assigned to CHNOAc mlxture of 
" -. 
isomers),~2.4 (0.75 protons); m., 4.6 (4 protons); OAa s., 
7 82 , 7.88 and 7.96 (~15 protons) and CH3d., 8.8 (J=6c/s, 
3 protons). 
The mixtUre of nitrile and aeotylated oxime (5.4g) was' 
dissolved in dry pyridine (20ml.) and hoated on a water bath 
for f~\.::c hours. The roaction mixture was cooled, poured 
into iced water, the syrup·copnratcd, d~ccc,::'ved in alcohol 
and decolourisod with charcoal. The resulting syrup failed 
to crystall ise. 
" 
The n.m.r. spectrum was almost identical with that of starting 
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material. 
7.) 2,3,4,5, 6-Penta-O-acetyl-D-mannononi trUe 
D-mannoso (20g., 1/9 H.) and potassium acetate (30g., 1/3 m.) 
were dissolved in water (30ml.) and hydroxylamine hydrochloride 
(14g.,1/5 11.) added, The solution was warmed for a few 
minutes and then cooled in an ice/water bath. The solid which 
separated was filtered and dried under vacuum. 
Yield 20g. (97%) 
M.pt. 168-l710 C (Lit. H.pt. 
The n.m.r. spectrum of the oxime was examined in DHSO. 
Penta-Q-acetyl-g-mannononitrile was prepared by method 
(I) except that after the addition of the oxime (lOg.) the 
reaction mixtUre was heated for one minute only. 
After two crystallisations from alcohol, the n.m.r. 
spectrum of the product was examined and showod tha presence 
of hoxa-O-acotyl mannose oximo. 
n.m.r. Spectrum (CDCI3 ),': ~. (assigned to acetylated oxime), 
2.4 (0.6 protons); H2H3H4m., 4.5 (3 protons); H5m., 4.8 
(1 proton); H6H6'm., 5.8 (2 protons); OAc s., 7.85 , 7.91 
and 7.93 (17-18 protons). Aftcr four further rccrystallisations, 
penta-Q-acetyl-g-mannononitrilo, freo from the acetylated 
oxime, was isolated. 
Yield 5·2g. (25%) 
M pt. 90.5 -92.5°C (Lit. !I.pt. 92-93 0 C.) 
I.R. spectrum (cm-I) 1750 s. (OA'1i), C:~N nnt assignable. 
n.m.r. Spectrum (CDCl) -1': H2H3H4m, 4.5 (3 protons); 
H5sx., 4.9 (1 proton); H6H6'm., 5.8 (2 protons); OAc s., 
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7.85 (9 protons) and 7.95 (6 protons). 
8.) 3,4,5,6-Tetra~O-acotyl-N-acotyl-D-glucosaminonitrile 
l!.-gluoosamine oxime hydrochloride was synthesised by 
method (I) except that the oxime separated on standing for 
two days. Glucosamine hydrochloride (20g.) was usod. 
Tho oximo was not recrystallised. 
Yield 
M.pt. 
15g. (70%) 
159-1620 C. (Lit. M.pt. 166°c.) 
The n.m.r. spectrum WaS examined in DImO. 
Tho nitrile ':..s synthesised by mGthod (rr) using 
glucosamino oxime hydrochloride (15g.), pyridino (30ml.) 
and actic anhydride (30ml.). The nitrilo was recrystallised 
from alcohol. 
Yield 
1·1. pt. 
1. R. spoctrum 
(91%) 
122-124°C. 
(cm -1) 
(Lit. M.pt. 
3220 m. (NH amide); 1750 s. 
(OAe); 1650 s. (NAc); C'EN not assignable. 
n.m.,r. Spectrum (CD3COCD3 ) ')" l NH b.d., 2.2 (1 proton, 
exchanges with D20); H2H3H4H5m., 4.6 (4 protons); H6H6'm., 
5.8 (2 protons); A~ s., 7.78 (3 protons), 7.83 (3 protons) 
and 8.02 (9 protons). 
9.) 3,4,5,6-Tetra-0-acetyl-2-dooxy-D-glucononitrilo 
2-Dooxy-D-glucose oxime was prepared by method (I) 
- ' 
from 2-deoxy-~-glucose (5.5g.). The oxime was 
roorystallisod from a~uoous alcohol. 
Yield 5g· (83%) 
M.pt. 
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The nitrile r;as synthesisod using method (Il) and 
recrystallised from alcohol. 
Yield 3.1g. (34%) 
H. Pt. o 154-156 e. 
LR. spectrum (cm-I) 2250 m. (eE:N) and 1740 s. (OAcr). 
n.m.r. Spectrum (eDC13 ) t H3H4H5m., 4·7 (3 protons); 
H6H6·m., 5.8 (2 protons); H2H2 'two q., 7.3 (2 protons); 
OAc s., 7.80 - (3 protons), 7.88 (3 protons) and 7.93 
(6 protons). 
Elemental Analysis 
Required for C14H19N 
Found 
C 
51.05 
51.53 
H N 
10.) 0( -Iminomet~ercaptoac_e:tic B:.9id_Eydrochloride. 
The method is as described by Condo ~ al. 138 
A solution of methyl cyanide (4.lg., 1/10 M.) and 
thioglycollic acid (9.2g., 1/10 M.) in sodium-dried diethyl 
ether (30ml.) was saturated with dry hydrogen chloride at 
° o C. and left overnight in the refrigerator. The crystals 
which had separated were filtered, washed with dry ether 
and dried in a vaccuum oven over phosphorous pentoxide. 
Yida 
Decomposition pt. (Lit. valuo 115°e.) 
An aqueous solution of the hydrochloride was titratod 
against standard caustic soda using methyl orange as an 
indicator. The titration indicated that the hydrochloride 
was 88% pure. 
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ll. ) Neutralisation of~ -iminomethylmercaptoacotic aoid 
hydrochloride (t[ . 
a) Compound I (5g.) was shaken with aqueous sodium 
bicarbonate and extracted with chloroform. The organic 
layer was separated, washed with wat~r and dried over 
anhydrous sodium sulphate. The chloroform was evaporated 
off and the residue (lOOmg., 6%) was found to have an 
identical I.R. spectrum with that of 2-methyl-thiazol-4-one. 
b) The above neutralisation was repeated using a weakly 
basic resin (Amberlitc IR45B). 
Compount1. I (5g., 3/100 11.) and the resin (15g., 
al}prc:dmately a five-fold excess) in ethanol, were shaken 
for 24 hours. a.L.C. (10% silicene oil, 50oC.) showed that 
no thiazolene had been formed. The mixture was heated 
under reflux for three hours and after cooling, the resin 
was filtered off. The ethanol solution was distilled and 
the fraction boiling botween 122-123 0 C. collected (0.8g., 24%). 
During the distillation, a white solid was deposited on the 
walls of tho condenser. This material gave positive tests 
for ammonium and chlorido ion. 
c) Compound I (5g., 3/100 M.) and anhydrous sodium acetate 
(2. 5g., 3/rOQI[.) were heat cd under reflux for six hours. in 
absolute ethanol. On cooling, the solution was filtered 
and distilled. The fraction boiling between 122-124°C. 
(lg., 30%) was collected. This fraction had an identical 
I.R. spectrum with that of 2-mcthyl-thiazol-4-one. 
d) Compound I (7.5g., 9/200 11.) and sodium bicarbonate 
(4.5g.) wore hoated under reflux in absolute ethanol for 
four hours. The solution was cooled and filtered. 
-138 -
The ethanol solution was distillod and 2-mothyl-thiazol-4-one 
(2 .2g., 43%) colloctod botwoen 120-128°c. A second high 
boiling fraction ( ,0.7g.,27%) was collected at 130:"'1330 C. 
/5mm .Hg. 
This fraction crystallised on cooling 
and was rocrystal1ised from chloroform/ethor 50/50 and was 
identified as acotamide. 
Elemental Analysis C ,;; H N 
" 
" >
Rqquired for C2H5NO 40.67 8.47 23·73 
Found 40.32 8.94 24.41 
I!. pt. 
The LR. spectrum was identical with that of an authentic 
sample of acetamide. 
The filtrato was heated under reduced pressUro in a 
sublimator. 
o A white material sublimed at a bath temj?erature of 130 C. at 
5mm.Hg. This material gave positiv~ ammonium and chloride 
ion tests. The yield of ammonium chlorido (d.6g.) roprescnts 
a 25% yiold based on tho imino compoUnd. 
12.) 2-llethyl-thiazol-4-ono. 
Thioaccttmido (3.7g.) and chloroacotic acid (4.7g) were 
hoated in acetic acid for ton minutes. Tho reaction 
mixture was poured into wator, neutralised with sodium 
carbonate, extracted with benzene and distilled. 
Yield 
B.pt. 
0.8g. (14%) 
120-1230 C. 
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(Lit B.pt. 120-122°0.) 
13.) Attemptod >:!eparation ofO<.-imino::-(D-gluco-ponta-O-
acetyl::-pentyl)-mercaptoacetic acid hydrochloride. 
a) A suspension of venta-Q-acetyl-g-glucononitrile 
(4.2g.,1/100 M.) and thioglycollic acid (rg., a slight 
excess) in dry other (rOOm1-) was saturated with dry 
o hydrogen chloride at 0 C. and left for 72 hours in the 
refrigerator. The suspension was filtered, washed with 
dry ether and recrystallised from ethanol. The sugar 
nitrilo was recovered almost quantitatively. 
b) The expcrimen', was repeated using dry diglyme saturated 
o 
with hydrogen chloride at 0 C. and pcnta-O-acotyl-D-
- ::: 
glucononitrile (8.2g., 1/50 M.). After standing ovornight 
at OoC., no precipitate had separated and dry ether (rOOml.) 
was added. The material which separated was recrystallised 
from alcohol and idontified as penta-Q-acctyl-g-gluconamide. 
Yield 0.8g. (9%) 
M.pt. 178-180oC. (Lit. M.pt. 183°C.) 
(cm-I) I.R. spectrum 3440, 3300, 3260 and 3180 m. 
(NH, amide); 1750 s. (OAc), r680 s. (C=-O, amide) and 
1605 m. (NH2 doformation band). 
n.m.r. Spectrum (CD3COCD3),: N~ b.s., 3.3 (2 protons, 
oxchango with D20); H3H4m., 4.5 (2protons)i H2d., 4.75 (r proton); 
H5m., 5.0 (1 proton); H6H61m., 5.8 (2 protons); OAc s., 7.85" 
7·93 and 8.00 (15 protons) • 
Elemental AnalysiS C H N 
Required for C16H23NOll 47.4 5.81 3.46 
Found 47·5 5.87 4.10 
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The diglyme and ether were evaporated under reduced 
pressure and methanol addod···and 'ponta-Q-acetyl-g-
glucononitrile separated (2.8g.). 
14) Ethyl thioglycollate 
Thioglycollic.-acid.{IS.4g .• ,·I/5 11.) and acetyl 
chlorida (4g .• ~_we~ ·heated"'under· reflux for four hours 
in absolu.toalcohol.._.Ethyl·thioglycollate was distilled 
and .the .. fraetion boiling. between '560 and. 5SoC./I4mm. Eg. 
collected. ('Lit B.pt. 55°C/17mm.Hg.) 
Yield 13. 5g. (50%) 
15.) Condensation of pentu-O-acotyl-D-glucononitrile 
... with ethyl thioglycollato. 
Penta-.Q.-acctY-l!,-gluconon.itrile (I..9g.,. ~/20(J M .• )' and 
othylthioglyeolla.t e . (0. 65g •• > 1/200 M.} were dissolved 
indry.diglyme(8ml...)and .. dry other (20m2.) and .. saturated 
with_dry,hydrcgen-chloride-at oOe •. --The reaction mixturo 
was held at· OOC fOr forty-eight· hours~.The solvent Vias 
evapar.a.ted. at .. roduced_pr<lssuro ... and' methanol add od. The 
methanol soluti.orr wasshakcnwith.sodium bicarbonate, 
filtered and evaporated. The·residuo· was eolumn 
chromatographod-on silica gol (200g.). The column was 
eluted with 20%·diothyl ether/petroleum ether changing 
to 60% diethyl other /pctro.lcum. ether, 50mI. fractions 
being taken. Three major fractions were isolated and 
inontifiod as ethyl thioglycollate, ponta-O-acetyl-l!,-
c;lucononi trile (42% recovery) .. andthe corresponding amid.e (17%). 
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16.) 2,3,4,5,6-Penta-O-acetyl-D-gluconothioamide. 
Penta-Q-acetyl-~glucononitrife (3g.) was dissolved in 
pyridine (3ml.) and triethylamine (Iml.) and hydrogen sulphide 
bubbled through the solution for three hours. The solution 
was poured onto ice/water (lOOml.) and after standing, a 
solid separated. The solid was filtered off and 
recrystallised from alcohol. 
Yield 94% 
H.pt. 
n.m.r. Spectrum (CDC1 3 )'Y NH2 two s., 2.1 and 2.4 
(2 protons, exchange with D20); H3q., 4.18 (1 proton); 
H2d., 4.34 (1 proton); H4t., 4·58 (1 proton); H5q·, 4·59 
(1 proton); H6H6 ' sp., 5.77 (2 protons); OAc s., 7.78 
(3 protons), 7.89 , 7.93 , and 7.97 (12 protons). 
Elements 1 Analysis C 
Required for CI6H23N010S 45.9 
Found 45.6 
H 
5·17 
5·45 
N 
3·42 
3.32 
17.) 2,3,4,5-Tetra-0-acetyl-L-arabonothioamide~ 
S 
7·74 
7.60 
The title compound was prepared from the corresponding 
nitrile using the conditions described in experiment (16) and 
recrystallised from alcohol. 
Yield 89% 
H.pt. 196-198°C. (hot stage) 
n.m.r. Spectrum (CD3CO.CD3 )Y, NH2b.s., 1.2 (2 protons, exchange 
with D20)i H3Q., 4.10 (1 proton); H2d., 4.35 (1 proton); 
H4SP., 4.81 (1 proton), H5H5'SP., 5.80 (2 protons); OAc s., 
7.85 (3 protons), 7.96 and 8.01 (12 protons). 
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Elemental Analysis 
Required for C13Hr9NOsS 
Found 
N S 
9.14 
9·39 
IS.) 2, 3, 4, 5-Tetra-O-acetyl-D-xylonothioamide. 
The title compound wao prepared from the corresponding 
nitrile using the conditions described in experiment (16) 
and recrystallised from alcohol. 
Yield 90% 
M.pt. o ( '0 137) 138-140 C. (hot stage) Lit. !I.pt. 132.5-133.5 C. 
n.m.r. Spectrum (CD3COCD3 )1": HH2b.s., 1.2 (2 protons, exchange 
with D20); H3Q., 4.18 (r proton); H2d., 4.43 (1 proton); 
H4sx., 4.68 (1 proton); 
7.S2 (3 protons), 7.9S 
Elemental Analysis 
Required for C13HI9NOSS 
Found 
H5H5' sp., 5.8 (2 protons); OAc s., 
and 8.00 (9 protons). 
N 
4.01 
3.92 
S 
19.) Tetra-O-acetyl-D-ribonothioamide. 
The title compound was prepared from the corresponding 
nitrile using the conditions described in experiment (16) and 
recrysta11ised from alcohol. 
Yield 
Il.pt. 
n.m.r. Spectrum (CDC13 )1" , NH2 two s., 1.0 and 1.3 
(2 protons, exchange with D2O); H2H3m. , 4.2 (2 protons); 
H4m. , 4.6 (1 proton); H5H5' two '1. , 5·7 (2 protons); 
OAc s., 7·80 (3 protons), 7·93 and 7,·94 (9 protons) • 
Elemental Analysis C H N S 
Required for C13H19N08S 44·70 5·44 4·01 9.17 
Found 44.46 5·54 3.78 8.82 
20.) 3,4,5,6-Tetra-0-acetyl-N-acety1-D-g1ucosaminothioa~ 
The title compound was prepared from the corresponding 
nitrile using the conditions described in experiment (16) 
and recrysta1lised from alcohol. 
Yield 74% 
H.pt. 
n.m.r. Spectrum (CD3COCD3)i! CSNH2b.S., 1.1 (2 protons); 
Nli Ac b.s., 2.8 (1 proton, exchanges with D20); H3q., 4.15 
(1 proton); H4Q., 4.60 (1 proton); H2H5m., 4.9 (2 protons); 
H6H6 'm., 5·8 (2 protons), Ac s., 7.9 (3 protons) and 8.0 
(12 protons). 
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21. ) 2 2 3,4,2, 6-Pe.nta-O:-acetyl-D-galactonothioamide 
The title compound was prepared from the corresponding 
nitrile using the conditions described in experiment (16) and 
recrystallised from alcohol. 
Yield 64% 
a.pt. 
n.m.r. Spectrum (CD3COCD3)i: NH2b.s., 1.1 (2 protons, 
exchange with D20); H3Q., 4.08 (1 proton); H2d., 4.49 
(1 proton); H4Q., 4.58 (1 proton); H5m, 4.75 (1 proton); 
H6H6'two q., 5.9 (2 protons); 0Ac s., 7.85 (3 protons), 
7.90 (3 protons), 7.98 (3 protons) and 8.02 (6 protons). 
No galactonothioamide could be isolated when 
galactononitrile containing some acetylated oxime was used 
as the starting material. 
22.) 2,3,4,5, 6-Penta-Q-acetyl-D-mannonothioamide 
The title compound was prepared from the corresponding 
nitrile usinrr the conditions described in experiment (16). 
The product failed to crystallise. The syrup was 
chromatcgraphed on a silica column (lOOg.) using petroleum 
ether/benzene (50/50) changing gradually to diethyl 
ether/benzene (30/70) as the eluent. The major fracticn 
(O.5g., 15%) had an LR. spectrum typical of an aldono-
thioamide but failed to crystallise. A fr2ction of the 
syrup was re-chromatographed by P.L.C. The resulting 
product still failed to crystallise and although the spectral 
evide::oe shows that the product is the thioamide, the 
elemental analysiS indicates that it is impure. 
Yield 15% 
n.m.r. Spectrum (CDCl)," CSll.!!2 two s., 1.5 and 2.0 (2 protono, 
exchange with D20); H2H3H4m., 4.4 (3 protons); H5m., 4.8 
(1 proton)j H6H6Ib.s., 5.8 (2 protons); OAc s., 7.82 , 
7.85 and 7.92 (15 protons). 
Elemental Analysis C 
Required for C16H23NOIOS 45.9 
Found 47.9 
H N 
3.42 
2.91 . 
S 
7·74 
5.9 
23.) Attempted preparation of tetra-0-acetyl-2-deoxy-D-
gluconothioamide. 
The conditions described in experiment (16) were used 
but only unreacted nitrile (35%) was recovered. 
24.) Thiobenzamide. 
Thiobenzamide was prepared using the conditions described 
in experiment (16). 
Yield 24g. (90%) 
l!.pt. 114-116°C. (Lit. ll.pt. 116°C.) 
I.R. spectrum (cm-I) , 3400, 3350 and 3200 s. (NH2 ), 1630 s. 
and 780 s. and 690 s. (CH deformation). 
n.rn.r. Spectrum (CDC1)1'; CSN.!!2 b.s., 1 (2 protons) and 
aromatic protons as multiplets at 2.1 and 2.6 (5 protons). 
25.) 2-Phenyl-4-methyl-5,6-dihydro-4~~ydroxY-4H~1,3-thiaz~n~~l~O 
Boron trifluoride otherate(0.5rnl.) w~s added dropwise 
to a stirred solution of thiobenzamide (1.37g., 1/100 M.) and 
methyl vinyl ketone (0· .89 g., 1/100 M.) in dry ether (25ml.). 
After fifteen minutes, the solid which had separated was 
fil tared off and washed with a small quantity of dry ether 
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and then taken up in solution with chloroform. The 
chloroform solution was shaken with aqueous sodium 
bicarbonate, washed with water and then dried over 
magnesium sulphate. After filtering off the drying 
agent, the chloroform was evaporated and the residue 
crystallised from petroleum ether (80-100) to give pale 
yellow crystals. 
Yield 60% 
M.pt. 133-134°0. (Lit. !i.pt. 131-133°0.) 
(cm-I) ( ) 8 I.R. spectrum , 3250 s. OH i 1590 s. and 15 0 s. 
(O=N and 0 =0 aromatic); 760 s. and 690 s. (O-H deformation). 
n.m.r. Spectrum (OD01 3)i, aromatic protons m., 2.2 and 
2.6 (5 protons); H6H6' 0'1 6 8 (3 tIt L m.,. pro ons, pro on, 
exchanges with D20); H5H5tm., 8.1 (2 protons) and OH3S., 
8.58 (3 protons). 
26.) 2-Phenyl-4,6,6-trimethyl-5,6-dihydro-4-hydroxy-l,3-
thiazine. 
Experiment (25) was repeated using thiobenzamide (3.9g., 
3/100 JIl~) and mesi tyl oxide (9ml., a large excess). 
The product was recrystallised from petroleum ether 
(80-100) • 
Yield 1.4g. (21%) 
M.pt. 105-106°0. 
I.R. spectrum (cm-I), 3250 s. (Off) 1590 s. (0 =-N and 0=0 
aromatic), 760 s. and 700 s. (OH deformation). 
n.m.r. Spectrum (ODOI)Y: m., 2.4 (5 protons); s., 6.4 
(1 proton); d., 7.95 (I proton); d., 8.25 (1 proton); 
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s. , 8·50 (3 protons) and s. , 8.55 (6 protons). 
Elemental Analysis C H N S 
Required for CnH17NO S 66.38 7.23 5·95 13.61 
Found 66.84 7.60 5.78 13 .40 
The reaction mixture was allowed to stand for a further 
three days and the oil which had separated was worked up as 
previously described. The product was recrystallised from 
alcohol and identified as 2.5-diphenyl-l,2,4-thiodiazol by 
comparison with an authentic sample. 
Yield 0.2g. (6%) 
J~. pt. 
Hixed H pt. 
o 138) (I,i t. H. pt. 88-90 C. 
n.m.r. Spectrum (CDC13 )'t', aromatic protons m., 1.6 , 1.9 
and 2.5 • 
27.) 2,4,6-Triphenyl-5,6-dihydro-4-hydroxy-l,3-thiazine. 
a) The condensation was carried out as described in 
experiment (25), using 1/20 M. quanti ties. The resulting 
syrup was examined by T.L.C. 10% diethyl ether/petroleum 
ether' Rf 0.9, Rf 0.8, Rf 0.5, Rf 0.3 and Rf 0.0. 
Thiobenzamide Rf 0.0 Benzylideneacetophenone 
The syrup was chromatographed on silica (250g.) but only 
the component at Rf 0.3 and starting materials were isolated 
pure. After recrystallisation from petroleum ether/diethyl 
ether, this component was identified as 3-.§-benzoyl-1,3-
diphenyl-propan-l-one. 
Yield ( 15%) 
H.pt. 
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I.R. spectrum (cm-I) ~ 1680 s. (0 - 3), 1660 s., 
o 
(~-C-S), 
1600 m. and 1580 m. (0-::.0 aromatic) 
n.m.r. Spectrum (CDC13)~: m., 1.9-2.8 (15 protons); t., 
4.48 (1 proton); d., 6.20 (2 protons). 
Elemental Analysis C H S 
Required for C22H1802S 75.86 5.46 9.19 
Found 75·50 5.56 8.96 
b) This experiment was repeated on 1/100 ![. scale and 
in this reaction a solid separated which on work up gave 
2,4,6-triphenyl-5,6-dihydro-4-1~droxy-I,3-thiazine on 
recrystnllisation from petroleum ether (80-100 0 ). 
Yield 0.5g. (15%) 
H.pt. o 115.5-116.5 C. 
LR •. spectrum (cm-I) : 3250 s. (OH); 1590 s. and 1570 s. 
(C=N and O=C aromatic), 960 s. and 600 s. (OH deformaticn). 
n.m.r. Spectrum (CDCI3 )r; m., 1.9-2.8 (15 protons); q., 5.6 
(1 proton);m., 6.3 (2 protons) and s., 8.34 (1 proton, 
exchanges with D20). 
Elemental Analysis 
Required for C22 H19NOS 
Found 
C H 
5·51 
6.00 
N S 
9.29 
9.17 
On standing, a viscous oil separated from the reaction 
mixture. After work up, a white crystalline solid separated 
from alcohol. The first crop of crystals gave the correct 
analysis for the sulphone of the triphenyl thiazine. The 
second crop of crystals were identified as the 3-i-benzoyl-
1,3-diphenyl-propan-l-one. 
-149-
Elemental Analysis 
ReQuired for C22H19N03S 
Found 
C 
70.03 
69.70 
N 
3·71 
3.79 
S 
8.62 
8.60 
28.) Attempted oxi_dation of 2-phenyl-4,meth.yl-4-hy.droxY-5,6-
dihydro-4H-1,3-thiazine. 
The title compound (lg., 1/200 11.) in glacial acetic 
acid (lOml.) was added slowly to a solution of potassium 
permanganate (0.32g.,3/200M.) in water (150ml.). When the 
addition was complete, sulphur dioxide was passed through 
the solution to remove excess potassium permanganate. Ice 
was added to the solution but no precipitation took place. 
The aQueous solution Vias extracted with chloroform but only 
starting material (50mg.) was isolated. H. pt. 128-130oC. 
The I.R. spectrum was identical with that of the title 
compound. 
29.) Attempted condensation of thiobenzamide with 
crotonaldehyde. 
The condensation was carried out as described in 
experiment (25) using thiobenzamide (2.8g., 1/50 1'1.) 
crotonaldehyde (3ml., an excess) and boron trifluoride 
therate (1.5ml.) in dry ether. After twelve days the small 
amount of an almost black oil which had separated was worked 
up. The resulting oil was shown to be a complex mixture and 
no attempt was made to isolate any of the components. 
T.L.C. 10% diethyl ether/petroleum ether showed a 
continuous streak from Rf 0.0 to Rf 1.0. 
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30.) Ifethyl-4-phenyl-2-9xo-3-ene-butyrate (methyl benzQ.lpllrw.:a..t~ 
To a stirred solution of pyruvic acid (17.6g., 1/5 11.) and 
benzaldehyde (21. 2g., 1/5 H.) in methanol (lOg.) Vias added 
a solution of potassium hydroxide (16.8g.) in methanol (50ml.). 
The first portion (35ml.) of the potassium hydroxide solution 
was added dropwise and the reaction mixture held at OOC; the 
remainder of the solution (15ml.) was added quickly after 
removing the ice bath. The reaction mixture was left at 
25°C. oVGrnight and the solid which separated was filtered 
off. The solid was added to hydrochloric acid (50ml. 5N 
HCI + 75ml. of H20). The oil which separated waS dried by 
azeotropic distillation with benzene. 
A portion of the benz~lpyruvic acid (9.5g.) was heated 
under reflux with methanol saturated with hydrogen chloride~ 
On cooling, a yellow crystalline solid separated, which was 
filtered off and recrystallised from methanol. 
Yield 
H.pt. 
( 63%) 
31.) Ethyl-6-phenyl-2-oxo-3,5-diene-hexyrate (Ethyl 
cinnamal pyruvatc.) 
The title compound was prepared by the method described 
in experiment (30). 
Yield 55% 
M.pt. 
32.) Condensation of thioacctamide (I) Vii th methyl benzlllpyruvate 
(Il) . 
Compound I (0.75g., 1/100 M.) and II (1.9g., 1/10011.) 
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were dissolved in n-butanol (50ml.). T.L.C. showed that 
no reaction had taken place after thirty hours. Boron 
trifluoride etherate (lml.) was added to the reaction 
mixture but no precipitation took place and after five 
hours, the T.L.C. showed no change. 
33.) Attempted condensation of penta-O-acetyl-D-gluconothioamide 
(I) and methyl vinyl ketone (11). 
a) To a suspension of I (2g.) and 11 (2ml., an excess), 
in dry ether (lOOml.) was added boron trifluoride etherate 
(2ml. ). The suspension was shaken for twelve hours, and 
then shaken with an aqueous solution of sodium bicarbonate. 
The solid was separated by filtration and. the ether solution 
dried (Na2S04) and evaporated under reduced pressure. The 
filtrate and residue were crystallised from alcohol. The 
crystallised material (2g.) vias shown to be (I) by cOClparison 
of M.pt. and rR. spectrum with an authentic sample. 
b) The above reaction was repeated using butanol as a 
solvent, but once again, starting material only was 
recovered. 
c) The first reaction was repeated, heating under reflux 
for three hours. After neutralisation, gluconothioamide 
(65%) was isolated by chromatography. 
34. ) Attempted condensation of penta-O-acotyl-D-gluconothioamide 
(I) with mesityl oxide (11). 
a) Compound I (2g.) and II (2ml., an excess) were dissolved 
in dry diglyme (20 ml.) and boron trifluoride ethorate (0.5ml.) 
added. After twelve hours the reaction mixture was poured infu 
iced water, neutr:;lised with sodium bicarbonate and extracted 
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with chloroform. The chloroform was evaporated and the 
residue recrystallised from alcohol. The product was 
shown to be (I) by comparison of M pt. and 1.R. spectrum 
with an authentic sample. 
b) The rcaction was repeated using hydrobromic acid (2ml., 
47%) as a catalyst. Unreacted sugar thioamide (60%) was 
recovered. 
35.) Attempted condensation of penta-O-acetyl-D-gluconothioamidc 
(I) and methyl benzalpyruvate (11). 
a) Compound 1 (2.115., 1/200 H.), II (0.9515" 1/200 H.) 
and boron trifluoride etherate (1.5ml.) in dry dioxan (50ml.) 
were left at room temperature for four days. 
took place and the T.L.C. showed no change. 
No precipitation 
b) The above experiment was repeated except that tho 
solution was saturated with dry hydrogen chloride at OOC. and 
no boron trifluoride etherate was used. After eighteen hours 
T.L.C. showed some reaction had taken place. On evaporating 
the solvent and neutralising, a solid which was soluble in 
chloroform and water, and smelt strongly of hydrogen sulphide, 
was isolated. On T.L.C. considerable smearing took place 
and no definite spots sould be. seen. 
not attempted. 
Chromatography was 
36.) Attempted condensation of penta-O-acetyl-D-gluconothi.oamide 
(1) and ethyl cinnamalpyruvate. (11) 
Compound 1 (2.115.,1/200 H.) and II (1.115.,1/200 If.) 
were dissolved in ~-butan01 and allowed to stand for one week. 
The solvent was evaporatod off under reduced pressure leaving 
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a dark viscous oil. No distinct spots were evident on 
'1'.1. C., only a continuous smear. 
Chromatography was not attempted. 
37.) Attempted condensation of I-br~me-tetra-O-acetyl~:X-D­
glucopyranose (I) with 2-phenyl-4-methyl-5,6-dihydro-
4-hydroxy-l,3-thiazine. (11). 
Compound 11 (2,lg.), activated silver carbonate (4g.) 
and anhydrous calcium sulph2.tc in i-butanol (lOOml.) and 
acetone (50ml.) were shaken together for half an hour in 
darkness. Compound I (3.5g.) was added and the reaction 
mixture shaken for a further twenty-four hours. The 
solvent was evaporatod under reduced pros sure and the 
residuo crystallised from diethyl ether. The crystalline 
material (1.4g.,66%) was identical to compound (11). The 
residual matorial was shown by T.L.C. to be essentially a 
mixture of compound (11) and onc unknown material. This 
material was chromatographed on silica (eluent- petroleum 
other changing to 50% diethyl other/petroleum ether). The 
major component, a white crystalline solid, was identified as 
£-i-butyl-tetra-£-acetyl-~·R-glucopyranoso. 
Yield 1.2g. (32%) 
!i.pt. 145- 147eC. (Lit. H.Pt. 246 145-146°C.) 
I.R. spectrum (cm-I) 1750 s., (OAc) 
n.m.r. Spectrum (CDC13 )li HlH2H3H4m., 5 (4 protons); 
H6H6'm., 5.85 (2 protons); H5m., 6.3 (1 proton); 
OAc s., 8.6 (12 protons) and i-butyl s., 8.78 (9 protons). 
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38. ) Condensation of thiobonzamide (r) withot,.8 -di bromobenzalacoto-
phonome. (II). 
a) Compound r (1. 3 7 g., 1/100 M.), II (3. 58g., 1/100 H.) 
and sod~um carbonato (2g.) in ethanol (50ml.) Were heated 
under reflux for two hours. After cooling, chloroform 
(lO"illl.) was added and the solution filtered. Tho filtrate 
was dissolved in dilute nitric acid and on addition of silver 
nitrate solution, silvor bromide procipitated. The 
chloroform-soluble fraction was chromatographed on silica 
(IOOg.). ~-Bromo-benzalacotophonone (2.5g., 87%), If.pt. 
40-42oC. (Lit H.pt. 42-44°C.), was isolated. 
b) Compound r (2g., 40% excess) and II (3.6g., 1/100 H.) 
were heated under roflux in absolute ethanol (50ml.) for 
four hours. T.t.C. showed that not all the thiobenzamide 
had reacted. The reaction mixture was chromatographed on 
silica (200g.) using 5% ( increasing to 30%) diethyl ether/ 
petroleum other as elu8nt. A partial separation of the 
mixturo of products was achieved. The yields quoted are 
those of pure material isolated and no attempt to estimato 
the composition of mixed fraotions was made. 
The first fraction isolated was identified as 3,5-
diphonyl-l,2,4,-thiodiazol. The r.R. and n.m.r. spectra 
were identical with those of an authentic sample. 
Yield 
lI.pt. , 
u.v. spectrum ?I.. max 256 mfo, € max 66,500 
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Elemental Analysis C 
Re~uired for ,C14HION2S 70.58 
Found 70.85 
H N 
n.78 
1I.82 
s 
13.44 
13.80 
The second fraction isolatcd was identified as ~-bromobenzal-
acetophenone by comparison of its T.L.C. behaviour and 1.R. 
spectrum with that of an authentic sample. 
Yield 16% 
M.pt. ° 40-42 C. (Lit. M.pt. 42-44°C.) 
The third fraction was identified as 3-§-benzoyl-l,3-
diphenyl-propan-l-one by comparison of its 1.R. and n.m.r. 
spectra with thoso of the material isolated from experiment (27a). 
Yield 
u.pt. 
Elemental Analysis 
Re~uired for C22H1802S 
Found 
C 
75.86 
76.36 
H 
The fourth fraction isolated has not been identified. 
Yield 2% 
Decomposition pt. 
(cm-I) I.R. spectrum 
and 1580 m. 
136°C. 
3500 s. (OH), 1680 s., 1590 m. 
U.v. spectrum A. max 29 1rn,u., E. max 9600 (based on H. wt. 
of 320). 
Elemental AnalysiS 
Re~uired for C24H22S203 
Found 
C 
68.25 
69.05 
H S 
15·17 
14.91 
The last pure fraction isolated was thiobcnzamide. 
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Recovery 48% 
H.pt o 112-115 C. 
39.) 3,5-Diphenyl-l,2,4-thiodiazol. 
A solution of thiobenzamide (2.8g., 1/50 H.) and 
iedine (2.52g., 1/50 11.) in absolute alcohol (100ml.) was 
o 
allowed to stand at 25 C. for threo hours and then heated 
under r~flux for a further hour. The excess iodine was 
reduced with sodium thiosulphate and the solution 
neutralised with sodium bicarbonate. The solution was 
filtered and the ethanol evaporated off under reduced 
pressuro. The residue was extracted with chloroform. 
The chloroform layer waS washed with water, dried over 
magnesium sulphate and the solvent was evaporated. The 
residue was recrystallised from diethyl ether/petroleum 
ether. Tho first material to crystallise (1.8g.,64%) 
was identified by its T.1.C. and I.R. spectrum as 
thiobenzamide. On standing, a second fraction 
crystallised out and was identified as 3,5-diphenyl-1;2,4-
thiodiazol. 
Yield 0.6g. 25% 
H.pt. 
40.) Condensation of thiobenzamide with ethyl-8:-iodopropionate. 
a) Thiebenzamido (2.6g.) and ethyl-,8-iodopropionato (4.6g.) 
wore refluxed in ethanol for eight hours. The ethanol was 
removed on a rotary evaporator and chloroform added to the 
resulting material. A white crystalline solid separated 
which gave a positive test for halogen. This solid was 
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neutralised by treatment with aqueeus sodium bicarbonate 
and then extracted with chloroform. The chloroform 
layer was washed with water, dried over magnesium sulphate 
and the 801vent evaporated. The residue (benzamido) was 
recrystallised frem petroleum ether (60-80). 
Yield 78% 
M.pt. 
Ilixed H. pt. with benzamide 
Elemental Analysis 
Required for C7H7NO 
Found 
N 
o 123-127 c. 
11.56 
1l.95 
b) The experiment was repeated using pyridine as a 
solvent and heating for three hours. The solvent was 
removed on a rotary evaporator. T.1.C. (diethyl other/ 
petroleum ethor); Reaction mixturo Rf 0.5' (with tailing) 
and Rf 0.0; thiobenzamide Rf 0.5; ethyl~-iodopropionato 
Rf 0.9. 
Tho thiobenzamide was separated by column chromatography 
on silica using diethyl other/petroleum othor (50/50) as the 
oluent. The material at Rf 0.0 was then eluted with 
absoluto alcohol. This matorial was a roddish oil which 
gave a positive nitrogen and halogen, and a negativo sulphur 
test. AnalysiS is in approximate agreement with tho product 
being~-carboxylethyl pyridinium iodido. 
LR. spectrum (cm-I), 3450 s., (OH), 3050 s., (C-H in 
pyridine), 2980 s., (C-H aliphatic), 1730 s., (C.:O in C02H) 
and 1630 s. 
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Elemental Analysis 
Required for C8H10IN02 
Found 
c 
34·4 
34·4 
H 
3.58 
4.96 
N 
(In an initial experiment, pyridine and ethyl~-iOdopropionate 
had been allowed to stand at room temperature and no 
pyridinium. compound was formed.) 
c) The experiment was repeated on l/lOOM. scale. In this 
exporiment ethanol was used as the solvent and sodium acetate 
(4.2g., 5/100M.) was added to neutralise any hydriodic acid 
formed in the reaction. The reaction mixtUre was heated 
under reflux for twelve hours. T.L.C. showed that thiobenzamide 
was still present. Tho solvent was removed by distillation 
and it was noted that the distill.nte smolt strongly of ethyl 
acrylate. G.L.C. on silicone oil at 800 c. confirmed the 
presence of ethyl acrylate. The solid that remained after 
removing the solvent was oxtracted with chloroform. The 
residue was dissolved in nitric acid and silver nitrate added. 
The silver iodide which precipitated was filtered and weighed. 
Wt. of AgI :: 160 mg. (Theoretical yield of AgI for 100% 
reaction = 215mg.) (Silver acetete is relatively soluble 
in water- A~Ac - 0.72g/100ml. H20; AgI 3 x 10g7 /100ml.H2 .) 
d) The experiment was repeated on 1/10011. scale, dry 
acetone (50 ml) was used as the solvent and dry barium 
carbonate (1.97 g. 1/1001.1.) added to neutralise any hydriodic 
acid formed. After heating under reflux for five days, T.L.C. 
(30% diethyl ether/petroleum ether) showed a trace of a new 
ma terial. The barium carbonate was separated and the solvent 
removed, leaving et pale yellow solid, which was cr:vot"llised 
f·rom moth:lnol. 
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Yield 
1. R. s,lectrum 
15mg. 
-1 (cm ) 3060w(C-H aromatic, 1600m. 
and r590m. (C:C aromatic), and 745s. and 695s. (mono-subs. 
aromatic C-H deformation.) 
U.v. spectrum >... max 270rn)l-i' €max ~ 40,000 
41.) ,!-.!'tempted condensation of penta-O-acetyl-D-
ffluconothioamide (r) with ethyl-,8-iedopropionate (n) 
The condensation between r (2 .lg., 1/200H.) and II 
(l.lg., 1/200M.) was attempted using the conditions described 
in experiment (40d). The mixture was heated for six hours 
under reflux; T.L.C. showed no change in the reaction mixture 
and compound (r) was recovered in good yield. 
42}. 2-Phonyl-5,6-dihydro-4H-l,3-thiazine. 
Thiobenzamide (2g.) and I-bromo-3-chloropropane (20g.) 
were heated under reflux for three hours. More than a 
mole-equivelent of hydrogen chloride was evolved during this 
time. The solution was allowed to cool and extracted with 
water. The 'l'l.ueous extract was made alkaline (sodium 
hydroxide) and extracted with ether. The other was 
evaporated and the residue reerystalliscd from a'l.ueous 
alcohol. 
Yield 1.85g· (72%) 
)4. pt. 4I-44°C. (Lit. H. pt. 43-44°C.) 
1.R. spectrum (cm-I). 3060 w. and 3010 VI (C-H aromatic) 
1615m., 1605m. and 1580m. (C:= Nand C::::. C aromatic). 
n.m.r. Spectrum (CDC1 3)!': aromatic protons m., 2.2 
and 2.6 (5 protons); H4H4't., 6.13 (2 protons); H6H6't., 
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6.95 (2 protons) and H5H5 'q., 8.20 (2 protons). 
43.) Attempted condensation of penta-O-acetyl-D-
gluconothieamide (I) with I-bromo-3-chloropropane. (11). 
Compound I (2g.) and 11 (lOg.) wore heated under reflux 
but no HCl was evolved. The reaction mixture was worked 
up as describod in experiment (42). Only a black intractable 
solid was isolated. 
44.) Attcmptedcondonsation of tetra-O-acetyl-L-
arabonothioamide ( I) with W-phenac,7lbromide (Il). I36 
To a stirred solution of I (1. 7g., 1/20011.) and anhydrous 
sodium acetate (3g.) in glacial Bcetic acid (25ml.) at 50oC. 
was added, dropwise, compound II (lg., I/20011.) in glacial 
acetic acid (5ml.). The reactien mixture was held at 50oC. 
for one hi)ur after the addition was complete, and then pour cd 
into an ico/water mixture (150 ml.). The resulting syrup 
failed to crystallise. T.L.C. showed the major spot at 
Rf 0.85 and minor spots at Rf 0.90 (11) and Rf 0.55 (I). 
Tho syrup (400mg.,) was chromatographed on silica. The 
major fraction (350mg.) a syrup, was essentially the 
component Rf 0.85 together with traces of (I) and (11). 
I.R. spectrum (cm -1) 3470 w., 3090 w., 3070 w. ~nd 
3030 w. (C - H aromatic); 2970 w., 2930 w. (C - H aliphatic), 
1750 s. (OAe); 1690 m., 1650 m. and 1600 w. (C=" C aromatic). 
n.m.r. Spectrum (CDC1)"}" aromatic protons m., 2.2 and 
2.6 (5 protons); d., 3.58 (0.3 protons); q., 4.15 (0.3 protons); 
b.m., 5.8 (1.3 protons), b.m., 6.4 (0.7 protons); s., 7.35 
(0.7 vrotons); and several s. around 7.9 (6 pro~ons). 
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U.V. spectrum (methanol) /" max 265mu. , t:: max 13 .000, 
/ 
and.A. max 305ny., E max 9,400 (t max based on mol. wt of 450). 
Elemental Analysis C H N 
Required for C21H23NOSS 56.12 5.16 3.12 
Found 56·59 5·53 5·15 
45.) Attempted cond.ensation ef pcnta-O-acGtyJ~ D-. 
glueonothioamide (I) with p-nitrophenaeylbromide (rr). 
Compound I (2.1g., 1/2001!.) and II (1.3g.,1/2001!.) were 
reacted together under the conditions described in experiment 
(44). The resulting syrup was chromatographed on silica. 
The major component (Hf 0.70, 10% ethanol/benzene) was 
contaminated with a small amount of a second material (Hf 0.55) 
\'/hich was neither of tho starting materials. 
Yield I.Sg. 
I.R. speetrum (cm_I) 3470 YI.; 3090 w., 3070 w. and 3040 w. 
(C - H aromatic); 2980 w. and 2930 w. (C - H aliphatic); 
1750 s. (OA~); 1690 m., 1660m. and l600 m. (C - C aromatic). 
n.m.r. Spectrum (CDC13 )'Y·· aromatic protons two d., 1.72 
and 2.10 (4 protons, typical A2B2 pattern); m., 2.75 
(2 ]J!!ltons); m., 4.2 (t proton); m., 4.7 (::!:t proton); 
m., 5.7 (2 protons); m., 6.4 ("-It. protons); s., 7.3 
(2 protons); s., 7.83 and 7.95 (6 protons). 
U. V. spectrum (methanol) '),max 265'!l'<, Emax 16,000 and 
/l max 311m , E max 12,700 (Emax based on mol.wt. of expected 
2-aldono-thiazolo). 
Elemental Analysis c 
Feund 53.01 
H 
4·59 
5·19 
N 
4.95 
5·42 
s 
46.) 2-(D-gluco-pcnta-0-acctylpentyl)-4-p-bromophcnyl-thiazole. 
a) Penta-2.-acotyl-~-gluconothioamido (2.1g., 1/2001-[.) and 
anhydrous sodium bicarbonate (lg.) were heated under reflux 
in dry acetone (25ml.). To this stirred solution was added 
dropwi so, ~-bromophenacyl bromide (1. 4g., 1/20011.) in dry 
acetone (lOml.). The reaction mixture "as heatod under 
refl ux for twe11io hours and then decolorised \Vi th charcoal 
and cvaporated under reduced pressure to dryness. The 
residue was extracted with chloroform and filtered. The 
chloroform was rumoved and tho residue rocrystallised from 
alcohol. 
Yield 
a.pt. 
2.4g. (82%) 
1I8-1200 C. 
I.R. spectrum (cm-I) , 3110 w. (C - H aromatiq and 1750 s. 
(OAe) • 
n.m.r. spectrum (CDC13 )1", arornztic protons two d., 2.25 and 
2.40 (4 protons,JAB = 9c/s), H5s., 2.55 (1 proton); H2 ' d., 
3·75 (1 proton); H3' q., 4.10 (1 proton); H4q., 4.55 
(1 proton); H5' 0., 4.85 (1 proton); H6'H6" sp., 5.8 
(2 protons); OAc s., 7.85 ,7.87 , 7.93 and 8.02 
(15 proto'1s). Tho n.m.r. spectrum was also examined in 
DliSO and at various temperatures. 
u.v. spectrum (methanel) : :lo.. max 260m;., t-max 17.800 
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Elemental Analysis C H N Br 
Reouired for C24H26BrNOIOS 48.00 4.36 2.33 13.31 
Found 47·79 3.94 2.13 11.23 
b) Experiment (46a) Vias repeated using methanol as the 
solvent. 
Yield 48% 
c) Experiment (46b) was repeated on r/200I1. scale; samples 
(2m1.) were withdrawn, diluted (to 25m1.) and examined by 
U.V. spectroscopy, Using a Unicam S.P. 800 and a Hilger Watts 
Uvispec. 1'he data is summarised in Table ii . 
. --- -.--.~ ----~ -. 
Time (mins) Absorbance (260m}l) <. i Absorbance (219m,u.) .... 
---_._---
0 1.326 
5 1.130 
10 1.010 0.728 
15 0.860 0.760 
20 0.780 0.780 
25 0.620 0.804 
30 0·525 0.804 
53 0·715 0.816 
69 0.780 0.736 
89 0.880 0.748 
.. Average of five determina tions. 
Table ii 
47). . 2-(D-gluco-penta-0-acetylpentyl )-4-phenyl-l, 3-thiazole. 
The title compound was prepared using the conditions 
described in experiment (46b) and recrystallised from aqueous 
alcohol. 
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Yield 
a.pt. (Lit. M.pt. 
I.R. spectrum (cm-I) : 3100 w. and 3070 w. (c - H aromatic); 
1750 s., (OA"C"); 1600 IV. and 1580 w. (C=C aromatic). 
n.m.r. Spectrum (CDC13 )1r; aromatic protons m., 2.1 and 
2.2 (5 protons); H5s., 2.50 (1 proton); H2 ' d., 3.7 (1 proton~; 
H' q. , 4.05 (1 proton) ; H4 , q. , 4·5 (1 proton); H ' o. , 3 5 
4.8 (1 proton); H!J! 11 6 6 sp., 5.8 (2 protons); Aa s., 7.84 
7.86 , 7·92 and 8.00 (15 protons). 
U.V. spectrum (methanol) .I\. max 255m,o., Cmax 16,200 
Elemental Analysis C H N S 
Required for C24H27NOlOS 55.28 5. 22 2.69 6.15 
Found 55.69 5.tH 2·52 5.60 
48). 2-(~-gluco-penta-0-acetylpentyl)-4-~-methylphewl-l,3-thiazol 
The title compound was prepared using the conditions 
outlined in experiment (46a) and recrystallised frolfl aqueous 
alcohoL 
Yield 90% 
!!.pt. 80-81.5,'" C, 
( cm-I) ( ) () I.R. spectrum : 3100 w. C - H aromatic; 1750 s. OAc. 
n.m.r. spectrum (CDC13 )'Y, aromatic protons two d., 2.1 and 
2.8 (4 protons); H5s., 2.60 (1 proton)iH2' d., 3.7 (1 proton), 
H3' q., 4.05 (1 proton); H4' q., 4.5 (1 proton); H5' m., 
4.8 (1 proton); H6'H6" q., 5.8 (2 protons); CH3s., 7!.62 
(3 protons); OAc s., 7.85 7.87, 7.93 and 8.01 (15 protons). 
U.v. spectrum (methanol) 'JUmax 255~, Emax 16,600 
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Elemental Analysis C H N S 
ReQuired for C25H29NOlOS 56.12 5·45 2.61 5·97 
Found 56.21 5·30 2.76 5.65 
45\) 2-(D-gluco-penta·hyaroxypentyl)-4-p-nitrophenyl-1,3-
thiazole. 
The title compound was prepared using the conditions 
described in experiment (46b). In this reaction deacetylation 
took place. The reaction was repeated using the conditions 
described in experiment (46a) but deacetylation took place 
under these conditions also. The compound was recrystallised, 
with difficul ty, from aqueous alcohol. 
Yield 56% 
Decomposition pt. 
I.R. spectrum (cm-I) , 3350 s. (OH); 3120 w. (C - H aromatic) 
and 16G;i. ra. (C -= C aromatic). 
n.m.r. S"ectrum (D1~SO d6)r, H5s., 1.62 (l proton); 
aromatic protons b.s., 1.7 (4 protons); H2 'd., 4.95 
(1 proton!, OH b.s., 5.45 and 5.95 (5 protonsj9xchange 
with D20); H3'H4'H5'H6'H6" b.s., 6.45 (5 protons) 
U.V. spectrum (methanol) l\..max 315~', Cmax 12,000 
Elemental Analysis C H N S 
Required for C14H16N207S 47·20 4·50 7.87 8.99 
Found 46.69 5·08 8.20 8.34 
50.) 2-(D-galacto-penta-0-acetylpentyl)-4-phenyl-l,3-thiazole. 
The title compound was synthesised using the conditions 
described in experiment (46a) and recrystallised from aqueous 
alcohol. 
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Yield 
!I.pt. 
LR. spectrum 
o 120·5-121. 5 C. 
(cm-I) ( 1740 s. OAo) • 
n.m.r. spectrum (CDC13 )1' aromatic protons m.,2.15 and 
2.65 (5 protons); H5S., 2.60 (1 proton); H2 'd., 3.65 
(1 proton); H3 'q., 4.2 (1 proton); H4 'q., 4.5 (1 proton); 
H5' m., 4·7 (1 proton); H6'H6" two q., 5.9 (2 protons); 
OAc s., 7.82 ,7.87, 7.95, 8.00 and 8.09 (15 protons). 
Uov. spectrum (methanol) >.. max 253qJp_ , fmax 16,200 
Elemental Analysis C H N S 
Required for C24H27NOIOS 55.28 5·22 2.69 6.14 
Found 55.48 4·93 3.18 6.15 
51) 2-(D-galacto-penta-0-acetylpentyl)-4-p-bromophenyl-
1,3-thiazole. 
The title compound was synthesised using the conditions 
described in experiment (46a). The syrup isolated in this 
experiment was chrornatographed on silica (100g.) using 10% 
(increasing gradually to 30%) diethyl ether/petroleum ether. 
The major component, a syrup, (which showed some tailing on 
T.L.C.) failed to crystallise. A portion (lOOmg.) of the 
syrup was rechromatographed by P.L.C. but still failed to 
crystallise. 
Yield 47% 
(cm-I) I. R. spectrum 3020 w. (C - H aromatic); 2970 m., 
2940 w. and 2860 w. (C - H aliphatic); 1760 s. (OAe) and 
1580 m. (C",-C aromatic). 
n.m.r. Spectrum (CDCl3 )j, aromatic protons two d., 2.25 and 
2.45 (4 protons); H5s., 2.55 (1 proton); H2 'd., 3.65 (1 proton) 
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H3 'q·, 4.2 (1 proton); 1!4'q., 4.45 (1 proton); H5.'m., 
4.65 (1 proton); H6'H6" two '1., 5.85 (2 protons); OAc s., 
7.80 , 7.84 , 7.93 , 7.98 and 8.07 (15 protons). 
U.V. spectrum (methanol) l\. max 26011\1. , E-max 16,200. 
F.lelaental Analysis C H N S 
Required for C24H26BrNOIOS 48.00 4.33 2.33 5·33 
Found 47.69 4.69 2·56 4.85 
52.) 2-(L-arabino-tetra-0-acetylE2tyl)-4-p-bromophenyl-
1,3-thiazole. 
The title compound was synthesised using the conditions 
described in experiment (46a) and recrystallised from aqueous 
alcohol. 
Yield 
M.pt. 
I.R. spectrum (cm-I) 1760 s. (OAc). 
n.rn.r. Spectrum (CDC13 ) "'r ' aromatic protons two d. , 2.25 
and 2.5 (4 protons); H5s. , 2.60 (1 proton); ~' d. , 3.6 
(1 proton); H3 , q. , 4.2 (1 proton); 1!4 , sp. , 4.7 (1 proton), 
H5'H5" '1., 5·75 (2 protons); OAc s., 7.83 , 7.93 , 7.95 and 
8.03 (12 protons). 
u.v. spectrum (methanol) A max 263Il)M, t: max 16,500 
Elemental Analysis C H N S Br 
Required for C21H22BrN08S 47·73 4.17 2.65 6.06 15·15 
Found 47.25 4.21 3.00 5·58 
53.) 2-(~-xylo-tetra-0-acetYlbutyl)-4-phenyl-l,3-thiazole. 
The title compound was synthesised using the conditions 
described in experiment (46a). The product, a syrup, appeared 
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pure by T.L.C. 
Yield 81% 
(cm-I) 1. R. spectrum 
and 1750 s. (OAe). 
3090 w. and 3030 w. (C - H aromatic) 
n.lil.r. spectrum (CDC13rt, aromatic protons m., 2.1 and 
2.6 (5 protons)! H5s., 2.55 (1 proton); H2 'd., 3.65 (1 proton),; 
H3 'q·,4. 2 (1 proton); H4 'm., 4.7 (1 proton); H5 'H5 " two q., 
5.7 and 5.85 (2 protons) and OAe s., 7.85 , 7.9 and 7.95 
(12 protons). 
Elemental Analysis 
Required for C21H23N08S 
Found 
C 
56.12 
55.89 
H N 
5.12 3.12 
5.79 3.03 
S 
7·13 
7·32 
54.) 2-(E-xylo-tetra-0-acetylbutyl)-4-p-bromophenyl-l,3-thiazole. 
The title compIDund was synthesised using the conditions 
described in experiment (46a) and the product chromatographed 
on silica using 10% diethyl ether/benzene. 
Yield 70% 
(cm-I) I.. R. spectrum , 3100 w. and 3020 w. (C - H aromatic); 
2960 m. 2930 m. and 2850 m. (C - H aliphatic); 1750 s. (OAe) 
and 1590 w. (C:: C aromatic). 
n.m.r. Spectrum (CDC13 )l(, aromatic proton two d., 2.3 and 
2.45 (4 protons); H5s., 2.4 (1 proton); H2 ' d., 3.65 
(1 proton); H3 'q., 4.2 (1 proton); H4 'm., 4.7 (1 proton); 
H5'H5" m., 5·7 (2 protons); OAe s., 7.8 , 7.9 and 7.95 
(12 protons). 
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Elemental Analysis C 
Required for C21H22 BrNOS 47.73 
Found 47.92 
H 
4.17 
4.01 
N 
2.65, 
2.76 
S 
6.06 
5·61 
Br 
15. 15 
16.31 
55.) Attempted condensation of penta-O-acetyl-D-gluconothioamide 
with chloroacetone. 
The condensation was attempted using the conditions 
described in experiment (46a) but T.1.C. showed that no 
reaction had taken place after thirty hours. 
56. ) Attempted condensation of penta-O-acetyl-D-gluconothiamide 
(I) with bromoacetone. 
Acetone (0.3g.) and compound I (2.1g.) were heated under 
reflux in chloroform/ethyl acetate (lOOml. 50/50 mixture) and 
cupric bromide (2.2g.) added. After heating for eight hours, 
only 20% of the theoretical amount of hydrogen bromide had 
been evolved and no "hi te cuprous bromide ,,!as evident. The 
solution was cooled and filtered. The black crystalline 
material gave a positive test for bromide and contained 22.67% 
copper by an iodometric titration. (Cu Br2 contains 26.08% Cu 
and CU2Br2 contains 44.39% cu.) Tho copper compound showed 
no strong absorptimn in the I.R. region; Elemental analysis 
showed only a negligible amount of carbon and hydrogen. 
The chloroform/ethyl acetate layer was washed with water, 
dried (sodium sulphate) and evaporated to dryness. The oily 
residue which remained was shown to be a complex mixture by 
T.1.C. containing some gluconothioamide. The I.R. spectrum 
showed a strong absorption in the hydroxyl rcgion. 
Chromatography was not attcmpted. 
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57.) Attempted condensation of penta-O-acetyl-D-gluconothioamide 
(1) with chloroacc~i~acid. 
a) A solution of I (0.5g. 1/800 H.) and chloroacotic acid 
(0.12g., 1/800 11.) in dry diglyme (25ml.) Vias \"Jarmed on a 
steam bath. After six hours, T.L.C. showed that no reaction 
had taken place. The reaction mixture was poured into ice/ 
water and the selid which separated was recrystalliscd from 
alcohol. The recrystallised material was identical with 
compound 1 (70% recovery). 
b) The reaction was repeated using alcohol as the solvent. 
T.L.C. showed that no reaction had taken place and compound 
1 (55%) was recovered. 
58) Attempted condensation of pcnta-O-acetyl-D-gluconothioamide 
(1) with ethyl chloroacetate. 
A stirred solution of compound I (2.1g.,1/200H.) and 
ethyl chloroacetato (0.6g., 1/200M.) in dry acetone (15ml.) 
and sodium bicarbonate (lg) were heated under reflux for 
thirty hours. T.L.C. showed that no reaction had occurrcd. 
The solution was filtercd, evaporated to dryness and the 
residue recrystallised from alcohol. The roerystallised 
material was identical with compound 1 (86% recovery). 
59.) Attempted condensation of penta-O-acetyl-D-gluconothioamide 
(r) with ethyl bromoacetate. 
The eondons2tion was carried out (1/200il.) using the 
conditions described in oxperiment (46a). T.L.C. showed 
that some reaction had taken place. (Product-major 
components Rf 0.3 and Rf 0.6, compound 1 Rf 0.3, 10% 
-- 171'-
ethanol/benzeno). On chromatography (silica 5?:, methanol/ 
benzene eluent) a pale yellow syrup, Rf 0.6 (some tailing) 
was separated. This material (0.5g.) was not identified 
and may consist of more than onc com~oncnt but the n.m.r. 
and I.R. spectra are inconsistent with expected thiazol-4-one. 
I.E. spectrum (em-I) , 3150 VI; 2910 s. and 2850 s. (e - H 
aliphatic), 1750 s. (OAc). 
n.m.r. SiJectrum (CDC1 3 )'Y, m, 4.5 (3 protons), m, 5.8 
(5 protons): s., 6.45 «1 proton), s., 6.65 (~proton), 
OAc S., 7.85 and 7.95 (15 protons) and t. (J:7e/s.), 8.7 
0-4 protons). 
60.) p-j·!ethyl-;,.,-phonaeylbromide. 
Carbon dioxide was bubbled through a solution of 
.:e.-mothylacetophenone (50g.) in glacial acetic acid (250g.) 
while bromine (60g.) was addcd dropwise. After the addition 
was complete, carben dioxide was bubbled through the solution 
for a further twenty minutes. The reaction mixture was then 
warmed on a water bath for three hours. The acetic acid 
solution was poured into ice/water and the solid which 
separated was filtered, dried, clistilled (88-98°C. at lrruj] Hg) 
and rccrystallisecl from alcehol. 
Yield 48g. (60%) 
I!. pt • (Lit. H.Pt. 247 
61. ) A ttemptcd acetylation of pen ta-O-acetyl-D-glueonothioamide. ( r). 
a) To a stirred solution of compound r (1.6g.) and pyridine (lml.) 
in dry acetone (15 ml.) was added acyl chloride (0.5g.) in 
dry acetone (lOml.) After the addition was cemplete, the 
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solution was hoated under reflux for thirty minutes. 
The reaction mixture was poured into ice/water. The syrup 
,-,hieh separ"tecl was roerystall isecl from alcohol and identified 
as compound I (66% recovery). 
b) Tho reaction was repcated using a longer reflux pcriod. 
Only starting material was recovered. 
c) To a cooled (OoC.) solution of compound I (4.1g.,1/100][.) 
in pyridine (lOml.) was slowly added acetic anhydride (lOml.). 
o After sixteen hours at 0 C. a portion of tho reaction mixture 
was poured into ice/water. The solid which soparated was 
filtered and recrystallised from methanol/water. This 
material Vias identical with compound (I) .. The mother liquor 
\Vas evaporatecl and tho residue had an identical LR. spectrum 
and T.L.C. behaviour with compound I (50% recovery). 
After ten days the rell'ainder of the reaction mixtur~ Vias 
treated in the same way. The resulting syrup, which 
consisted of cOfllpound (I) and one other major component by 
T.L. C, was chromatographild on siliea. The second component 
(50% of the mixture) was separated and recrystallised from 
ether. Its M.pt. (79-81 0 C.), I.R. and n.m.r. spectra were 
identical Vlith those for penta-Q-acetyl-g-glucono-nitrile. 
62.) 2,4-Diphenyl-l,3-thiazole. 
A solution of thiobenl\amide (2.8g., 1/50Ji.) and w-phenacyl 
bromide (4g., 1/50l!.) in absolute alcohol Vias heated under reflux 
for two and a half hours and then allowed te cool after reducing 
I \ the volume\25ml.;- The title compound soparated and Vias 
rocrystallised from ethanol. 
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Yield 4.1g. (80%) 
H.pt. 90-92°C (Lit H.pt. 248 91-92 oC.) 
The n.m.r. spectrum was examined in dcutero-ehloroform and 
DHSO. 
63. ) 2-Phcnyl-4-p-bromophenyl-l, 3-th_iazolc. 
Tho ti tIc compound rlas synthesised from thiobenzamide 
and l?-bromophel1acylbromide using tho conditions described in 
expori""10n t (62). 
Yiold 65% 
H. pt. 121-122° C. 
I.R. spoctrum (cm-I) 3100 w. and 3040 w. (c - H aromatic). 
Elemental Analysis 
Required for C15HlOBrNS 
Feund 
C 
64.) 2-Hothyl-4-phonyl-l,3-thiazole 
H 
3.16 
303 
The title compound was synthesised from thioacotamide 
and phenacylbromido using the oonditions described in 
experimen t (62). 
Yield 50% 
B."t. 
The n.rn.r. spectrum was examined in dcutoro-ehleroform and DHSO. 
65.) 2-Phenyl-4-methyl-l,3-thiazole. 
Tho title compound was synthesised from thiobonzamido 
and chleroacotone using the conditions described in experiment 
(62) • The compound distilled at a bath tomporatureof 190oC.j 
13mm Hg. (Lit. B.pt. 190-195°C. at 15mm Hg.). 
Yield 5% 
The n.m.r. spectrum was examined in deutero-ehloroform and DHSO. 
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66. ) 2-i!ethy-4-p-bromophonyl-l, 3-thiazolo. 
The title compDund was synthesised from thioacetamido 
and ~-bromophenacylbromido using the conditions deseribed 
in experiment (62). 
Yield 92% 
H.pt. 
The n.n.r. spectrum nas examined in dcutero-chloroform and DlISO. 
"Bromoac0tone. 250 
Bromine (400g. 2.5M) v:as added dropwise to a vigorously 
stirred solution of acetone (380g., 5H), \'later (625ml.) and 
potassium perchlorate (75g.). Once initiated, tho reaction 
proceeded without external heating. Aftar the addition was 
complete, the reaction mixture was allowed to stand for one 
hour and then the lower layer separated. Thi s layer was 
shaknn wi th magnesium oxide, washed .with water, dried (calcium 
chloride) and distilled. 
Yield 150g. (22%) 
B.pt. 50-530 C./20mmHg (Lit. B.pt. 63 .5-64°C./50mmHg.). 
68. ) 2-Hethyl-l, 3-thiazole251 
F6rmanide (66g., 1.47].1.) was added to ail coeled suspension 
of phosphorous pcntasulphidc (67.8 g., 0.32H.) in dry dioxan 
(IOOml. ). Bromoacetone (137g.) Vias th-:;n added at a rate which 
just held the reaction mixture at reflux. After the addition 
was complote the solution Vias heated under reflux for a further 
hour. Hydrochloric acid (300ml., 51!.) was added and the 
reaction mixture was subjected to steam distillation. Aftor 
one litre of distillate had been collocted, tho reaction 
mixture was basified by adding sodium hydroxide pellets and 
the thiazole was steam distilled. The distillate was 
saturated with potas~:um carbonate and extracted with 
diethyl ether. The thiazole was isolated by distillation. 
Yield 32% 
B.pt. 
The n.m.r. spectrum was examined in deutero-chloroform and 
DlISO. 
69.) ll-Phenyl-D-glucosylamine. 
D-Glucose (36g.) and redistilled aniline (18.6g.) in 
absolute alcohol (300ml.) were heated under reflux for two 
hours. On cooling, the title compound separated out, 
Yield 35g. (83%) 
H.pt. o 0 132-136 C. (Lit ].i.pt. is reported between 110-150 C; 
the solid is amorphous) 
The I.R. spectrum showed no C:: N absorption. 
70.) !-o-To~yl-D-gluco~ylamin~. 
The title compound was synthesised from .l2.-glucose and 
£-toluidine using the conditions c.escri bed in experiment (69). 
Yield 57% 
M.pt. 
1. R. spectrum 
() (Lit values reported between 95-11'{ lJ). 
3300 s., (OH); 1670 m., (possibly C:=.N) 
and 1610 m. and 1595 m. (C =C aromatic). 
The title compound (5g.) was added to pyridine 05ml.) and 
acetic anhydride (35ml.) at OoC. The reaction mixture was 
set aside at OoC. for forty-eight hours and then poured into 
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ice/water and the solid material was separated by filtration. 
N-~-tolyl-2, 3, 4, 6-tetra-Q-acetyl-,B-;g-glucosylamine Vias 
recrystallised from alcohol. 
Yield 98% 
ill. pt. 108.5-109.5°C. (Lit. 11.pt. 109°C) 
LR. spectrum (cm-I) ,3400 w., 3420 m. (NH)3 1750 s. (OAa); 
1670 w., 1610 w. and 1595 w. (C=C aromatic"). 
n.m.r. Spectrum (CDC13 )-Y" aromatic protons and Nl! m., 3.1 
(5 protons); HIH2H3H4m., 4.8 (4 protons); CH3 two s., 5·20 
and 5.28 [2.5 protons (the integration error may be due to the 
proximity of other peaks) slightly broadened by allylic 
couplingj, H6H6 Iq., 5.8 (2 protons); H5m. , p.l (1 proton) 
and OAc s., 7.94 (~12 protons) • 
Elemental Analysis C H N 
Required for C21 H27 N09 57.66 6.18 3.20 
Found 57.64 6.67 3.09 
71.) !-p-Tolyl-,£ -D-glucosylamine._ 
The title compound was synthesised from ~-glucose and 
and E.-toluidine using the conditions described in experiment (69). 
Yield 56% 
!I.pt. 
( -1 I.R. spectrum cm ) 
(Lit. JI.pt. 117-118°C.) 
3300 s. (OH) and 1610 w. (C = C aroma tiro) 
72.) Benzylidene aniline. 
The title compound was synthesised from benzene and 
aniline using the conditions described in experiment (69) 
and recrysta11ised from absolute alcohol. 
Yield 61ib 
!I.pt. 
( -1 I.R. spectrum cm ) 3070 IV. (C - H aromatic), 1630 m. (C::::.N) 
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and 1595 m. and 1580 m. (c :.c). 
73.) Attempted condensation of N-phenyl-D-glucosylamine with 
thioglycollic acid. 
E-Phenyl-;Q-glucosylamine (30g. 1/9 11.) and thioglycollic 
acid (10.2g., 1/9 M.) were heated under reflux for four hours 
in benzene using an entrainment technique to remove the water 
formed. The theoretical yeUd of water is 2ml. but 13.5 m1-
was collected. The benzene was evaporated under reduced 
pressure leaving a black intractable tar which failed to 
decolorise \Vi th charcoal. 
74.) Attempted condensation of N-o-tolyl-D-glucosylamine 
with thioglycollic acid. 
The reaction vias carried out us described in experiment 
(73) • Again several mole equivalents of water was eliminated 
and only a black intractable tar was isolated. The reaction 
was repeated using E-E.-tolyl-E.-;£,-glucosylamine with the same 
result. 
75.) Attempted condensation of N-o-tolyl-D-glucosylamine with 
ethyl thioglycollate. 
The reaction was carried out as described in experiment 
(73) except that ethyl thioglycollate was used in place of 
thioglycollic acid. Water was elimim:ted slowly and an oil 
began to separate out of the reaction mixture. A sample of 
the oil 1','a3 taken, and had an identical LR. spectrum IVi th 
E-~-tolyl-;Q-glucosylamine. Alcohol was added to the benzene 
solution until the oily layer \7aS redissolved and the reaction 
mixture WaS heated under reflux for six hours. The major 
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components appeared from T.1.C. to be the starting materials. 
The reaction mixture was evaporated under reduced pressure and 
acetylated using pyridine/ ~20 o at 0 C. After twenty-
four hours the reaction mixture was poured into ice/water but 
the oil which separatod could not be resolved by column 
chromatography. 
76.) Attempted condensation of benz,ylidone aniline \Vi th 
ethyl thioglycollate. 
The condensation Vias attempted (l/50H.) using the 
conditions described in experiment (73). After heating under 
reflux for twelve hours, T.1.C. showed the presence of starting 
materials and a trace of !-phenyl-2-phenyl-I,3-thiazolidine-4-one. 
A crystal of g-toluenesulphonic acid was added to the 
reaction mixture which was then hoated under reflux for nine 
hours. ~.1.C. analysis still showed only a trace of the 
thiazolidone. 
Boron trifluoride etherate (2ml.) was added to the cooled 
reaction mixture and after standing, a total of 3.2g. of a 
yellow crystalline solid was isolated. This material 
contained boron (flame test) and had an I.B. spectrum which 
Vias similar to that of benzylidene aniline with additional 
-1 
absorption bands at 1250cm m. (ether) and a strong broad 
absorption at ca I050cm-1 (B _ F). 
The boron complex in chloroform was treated with aqueous 
sodium bicarbonate, washed with water and dried (magnesium 
sulphate). T.1.C. (in three solvent systems) showed the 
product to be benzylidene ani line together \Vi th a trace of 
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ethyl thioglycollate but no thiazolidone. Tho I.n. spectrum 
showed a weak absorption at l'(lOcm-l which was absent in the 
original benzylidene anilino. A portion of the neutralised 
material (Ig.) was chromatographed and benzaldehyde (50mg.), 
identified by I.B. spectrum and G.L.C. (silicone oil), was 
isolated. The only other component isolated was bonzylidene 
aniline. 
The boron complex (0.2g.) in absolute alcohol (20ml.) 
was shE:ken for twelve hours with Do-acidi to FF resin (3g., in 
its hydroxy form). T.L.C. showed the product to be benzylidene 
aniline. 
77.) Bordn trifluoride complex of benzylidene aniline. 
Boron trifluorido otherato was added to a solution of 
bonzylidene aniline in dry other. A croam coloured sdiil 
separated which contained boron and had an identical I.n. spectrum 
with the boron complex isolated in exporiment (76). 
78) Attempted condonsation of the boron trifluoride-benzylidene 
aniline c~mplex with ethyl thioglycollate. 
Bonzylidene aniline cOlJlplox (0.5g.) and ethyl thioglycollate 
(0.5g.) in dry pyrideno (25ml.) were heated 011 a water bath for 
three hours. The reaction mixture ",as neutralised with sodium 
bicarbonate, washed with water and dried (sodium sulphate). 
T.1.C. analysis showed only benzylidene aniline and ethyl 
thioglycollate • G~1.C. (silicone oil) confirmed an almost 
'l.u<enti tati vc recovery of ethyl thioglyeolla te. 
79.) N-Anisylidene-l,3,4,6-totra-O-acetyl-S-D-glucosamine. 
Glucosamine hydrochloride (4.3g., 1/50H.) was dissolved 
in I"later (50ml.) and sodium acetate (5.4g., 1/251.1.) and 
_180 -
anisylidene (5.4g., 1/25il.) in methanel (20ml) added. Aftor 
three hours the selvent was removed and tho residue washed with 
other, followed by ice-eold water. N-ani sy 1 i d ene-,8-D-g 1 uco sarline 
- - = 
was recrystallised from alcohol. 
Yield 4.5g (71%) 
M.pt. 164-167°C. (Lit.M.pt. 166°C.) 
N-anisylit1.ene-~-l!. -glucosamine (4.5g.) was acotylated 
usinrr pyridill€J (20ml.) and acetic anhydride (20ml.) at OoC. 
Tho ti tIe comp01md ivas recrystallisod from alcohol. 
Yield 5·4g· (77%) 
H.pt. 182-184°C. (Lit. Il.pt. 188°C.) 
(cm-I) ( () I.R. spectrum ~ 1750 s. Oxc-); 1640 s. C::=N and 
1610 s. (C =.C aromatic). 
n.m.r. Spectrum (CDC1 3 401'[c/s),)', C.!f=N s., 1.65 (1 proton); 
aromatic protons tHO d., 2.2 and 3.0 (4 protons)' HId., 
3.95 (l proton), J" - 8 0 / ) nlH2 -.. • cs; H2H3 m. , (2 protons); 
H6H6' m., 5.7 (2 ~rotons); OHo s., 6.1 
(1 proton); OAc s., 7·9~, 8.0 
(3 protons); H
5
m., 
(12 protons). and 8.] 
80.) Attempted condensation of N-anisylidene-l,3,4,6-tetra-
O-acetyl-!-l-D-glucosamino (r) with thioglycollic acid. 
COElpound r (2.25g., 1/200M.) and thioglycollic acid (0 .• 46g., 
1/20011.) in dry benzeno (50ml.) wore heated under reflux using 
a Dean and Stark apparatus. After sixty-five hours the 
reaction mixture was poured into ice/water. Tho solid which 
separated was reerystallised from alcohol (1.5g. 68%) and 
identified as compound (r) by T.L.C., lI.pt. and I.R. spectrum. 
The reaction was repeated using ethyl thioglycollate. 
Compound (r) was recovered in high yield. 
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81. ) l-Phenyl-4, 5: 2~ l~(D-!'ll ucopyrane )-imidazolidinc-2-thione 
To a solution of g-glucosamine hydrochloride (4g.) in water 
(lOOm1.) was added phenyl isothioeyanato (5m1.) in pyridine (120ml 
Tho solutien was warmed (35-40oC.) for two heurs and tho volume 
roduced by evaporation under reduced pressure. The material 
which separated was recrystallisod from alcohol and idontified 
as the title compound. The n.m.r., I.R. and U.V. spectra wore 
examined. 
Yield (84%) 
Il.pt. 
The title cOl!1pound (1.515.) was treated with pyridine 
(25ml.) and acetic anhydride (25ml.). After forty-eight hours 
o 
at O.C. the solution was poured into water. The syrup which 
separated was reerystallised from alcohol. Thc n.m.r. and I.R. 
spectra showed the compound te bo a tri-Q-aeetyl derivative. 
Yield 
ll.pt. 
1.3g. (61%) 
166-167°C. 
The title compound (0.915.) rlas treated with acetic anhydridJ 
(lOm1.) and porchloric acid (0.5m1. 70%) the temperature being 
maintained at 30-40oC. for sixteon hours. The reaction 
mixture was pourod into ice/water and the solid .. !hich separated 
recrystallised from alcohol. The 1.R. spectrum sholVed the 
material to be a mixture of the tri- and tetra-acetyl compounds. 
Two further crystallisatiuns gave I-phonyl-2-~-acotyl-4, 5,2 '1'-
(tri-Q-acetyl-g-glucopyrano)-imidazolino which was identified 
by I.n. and n.m.r. spectra. 
Yield 
If. pt. o 186-188 C. 
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Elemental Analysis e H 
Required for e21H24N208S 54.3 5.18 
Found 54.7 5.88 
82. ) .!-p-To lyl-4- (D-arab ino-t etra-hydroxybu tyl)-imidazol ine-
2 th " 210 - ~mnc. 
To a solutien of I-deexy-l-p-toluidino-D-fruetose (8.4g., 
- = 
1/25Li.) in hydrochloric acid, v/as added potassium thiocyanate 
(4g.,1/25M.) and aqueous alcohol (40ml.,50/50) and the solution 
warmed for two hours. The hot aqueous alcohol layer was 
decanted and the material, which separated on cooling, was 
reerystallised from alcohol. 
Yield 1.2g. (10%) 
H.pt. 215-217°e. (Lit. M.pt. 2l5-216°e.) 
The title compound (Ig.) was treated with pyridine (lOml) 
and acetic anhydride (lOml) at oOe. for twelve hours. The 
material which separated on pouring into ice/water proved 
difficult to reerystallise. 
Yield 0.8g. (52%) 
M.pt. 70-76°C. (Lit. lI.pt. 79.5-80.5°e). 
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ORGANO LITHIUll REACTIONS 
I.) Reaction of mothyl-2,3-anhydro-4,6-benz71idene-c<~ 
])-alleside (I) with pentachlorophony1 lithium. 
To a cooled (OoC.), stirred solution of hcxachlorobenzene 
(7 .lg., 1/40E.) in dry bcnzcne, under a stream of ni trogen, was 
added slowly litllium butyl in hex,-,e (lOml. 1/40B.) After half 
an hour, a suspension of compound I (1.3g., 1/200B.) in dry benzene 
(lOOml.) was added and a clear solution resulted. The reacticn 
mixture was held at OoC. for eight hours and then allowed to 
stand at room temperature for twelve hours. The benzene 
solution was then shaken with water, separated and dried. 
The benzene was evaporated off and the residUe 'extracted with 
petroleum efuher. Tho petroleum ether insoluble fraction 
(5.2g.) on recrystnllation from ethanol/chloroform, meltod at 
o 214-215 C.(hexachlorobcnzene H.pt.) and had an identical I.R. 
spectrum with hexachlorobenzene. The petroleum ether soluble 
fraction (2.9g.) was chromatographed on a neutral alumina 
column (280g., Brockman Activity I). The solvent was 
gradually changed from petroleum other to benzene to ether 
over 290 fractions (25ml.). The first component isolated was 
mainly hexachlorobenzeno (920mg.) identified by its I.R. spectrum. 
This material appeared to contain a small amount of 
-1 -1 -1 pentachlorobenzene (I.R. bands at 1165cm , 1085cm ,860cm 
-1) and 820em '. The second major fraction (296mg.) was identified 
as 3,4,5P-tetrachlorotriCYClo-[6,2,2,02,7]-dodeca-2(7),3,5,9,11-
pentaeno. (lI.pt. l23-125°C.). The structure \7BS confirmed by 
comparison of n.m.r. and I.R. spectra with those of an authentic 
sample. The third major frnction (700mg.) was a mixture of what 
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appeared to be four major components. 
T.L.C. (benzene); Rf 0.7, Uf 0.5, Rf 0.4 and Rf 0.3. 
(2.5% ethanol/benzeno) I Rf 0.9, Rf 0.6, Rf 0.5 and Rf 0.4. 
Theso three fractions account for 66% of the material placed on 
the column. 
third fraction wore separated by P.L.C. (thrse platos, eluting 
\vith benzeno), 
Fl (15mg., 5% of the material placed on the plate) was a 
mixture of at least three components (by T.L.C.) and no attempt 
to separate these was made. 
F2 (49mg. 16%) was rechromatographed and the resulting 
matcrial appeared to contain only trace impurities (by T.L.C.). 
-1 I.R. spoctrum (cm ): 3400 s., (OH); 3060 m. and 3020 m. (C - H 
aromatic); 2950 s., 2920 s. and 2850 s. (C-Haliphatic); 1710 s., 
1645 m. and 1605 m. 
n.m.r. Spectrum (CC14 )1': m, 2.75 (20); s., 3.35 (2.5); d., 4.35 
(0.8., J:I.5c/s); broad band ca 6.0 (3); b.s. 7.0 (5). 
F3 (88mg., 29%) was rechromatographed and tho syrup which 
was isolated oxamined spectroscopically. 
-1 I.R. spectrum (cm ): 3450 s. (OH); 2950 s., 2920 s. and 
2850 s. (CH aliphatic); 1705 w. and 1640 s. 
n.m.r. Spectrum (CDC1 3)T, aromatic protons m., 2.5 (5 protons); 
HIs., 3.56 (1 proton); jiiCH s., 4.28 (1 proton)' H3H4H5H6 and 
H6 'm., 5.5 and 6.0 (5 protons); OH b.s. 7.65 (1 proton, 
exchanges with D20) and ovorlapping methyl and methylene 
protons at 8.3-9.1 (3-4 protons). 
F4 (82mg.,27%) was shown by T.L.C. to consist of three 
components running closely together, These wers not separated. 
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n.m.r. spectrum (CDC13)r, aromatic protons m., 2.6 (7.5); s., 
3.52 (<.0.5); unresolved m., 5.3 - 6.2 (4.5); b.s" 7·4 (3, 
exchange with D20) and overlapping methyl and methylene protons, 
8-9.2 (12). 
2.) Reaction of methyl-2, 3-anhydro-4, 6-0-benzylideno-oc-g-
allopyranoside (I) with pentachlorophenyl lithium. 
a) The reaction (1/20011., with respect to I) was carried out as 
described in experiment (I) except that only a half molar 
equivalent excess of hexachlorobenzene was used. 
The petroleum ethor insoluble fraction flas identified as 
hoxachlorobenzene (1g., 50% recovery). 
The petroleum ether soluble material (2.4g.) \"Ias 
chroma tographed as des cri bed in experiment (I) and the following 
fractions were isolated. 
The first fraction (950mg.) was reerystallised from alcohol. 
The first crop of crystals (llOmg.) was identified as 
hexachlorobenzeno by 1.R. spectroscopy. The second crop of 
crystals (440mg.) was a ,mixture of hexa and pontachlorobenzene 
The 1.R. spectrum on halo carbon oil shows 
-1 -1 C - IT aromatic absorptions at 3100cm and 3060cm • 
The second fraction (150mg.) was identified by !I.pt. 
123-125°C. and its 1.R. and n.m.r. spectra as the tetrachlorobcnzyhe-
benzene adduct. 
The remaining fraction (1040mg.) consisted of two major 
components (T.L.C., 5% methanol/benzene- Rf 0.78 and Rf 0.66) and 
several minor components. The major components were separated 
by ?L.C. 
Component I (methyl-4,6-Q-benzylidone-2-deoxy-2-pontachloro-
phenyl-~-R-altroside). 
Yield 50% 
-1 r. R. Spectrum (cm ) 
M.Pt. 
: 3500 s., (OH); 3010 m.,(C-H aromatic) 
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and 2920 m. and 2850 m., (C-H aliphatic). 
n.m.r. spectrum (CDC13 )T g aromatic protons b.s., 2.55 
(5 protons); yiCH s., 4.25 (1 proton)3 HI d., 4·75 and H2q·, 
4.9 (2 protons); H3H4H5H6H6 'm., ~ 5.8 (5 protons); OHo s., 
6.65 (3 protons) and OH b.s., 8.2 (exchanges with D20). 
- 34·1 o 
Elemental Analysis H 
Found 47·27 3.69 
Component II (4,6, -£-benzylidene-2-11entachloroPhonyl-g-allal) • 
Yield 
11. pt • o 154-156 C. 
I.R. spectrum (cm-I) 3550 m., (OH), 3010 s., (C - H aromatic)' 
J 
2910 w.; and 2850 w., (C - H aliphatic) and 1640 s., (C=C - 0). 
n.rn.r. S~ectrum (CDC13 )'Y: aromatic protons b.s., 2.55 (5 protons); 
HIs., 3.55 (l proton); yiCl!-s., 4.25 (1 proton); H3H4H5H6H6'm., 
~ 5.7 (5 protons) and OH b.s. 7.6 (1 proton, exchanges with D20). 
(0( ]= of 65.40 (CHC13,o.0.8) 0 
Elemental Analysis C H Cl 
Required for C19H13C1504 47·27 2.69 36.80 
Found 47·39 2.87 36.88 
b) A portion of the crude product (0.190g.) was acetylated 
by treatment with pyridine (2ml.) and aeotic anhydride (2 ml.) 
o 
at O.C. for seventy-two hours. The syrup which Vias isolated 
consisted of at. least eight components by T.L.C. The crude syrup 
(<!·lOOmg) was partially resolved by P. L. C. Three major components 
were isolated but only ono was characterised. 
Compenent I (25mg.) was rocrystallised from methanol and nas 
shown by n.m.r. to have lost the benzylidene group. It appeared 
to be a mixture of two sugars; one with an OUe group and one wd.th 
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a 1,2-double bond. 
Component 11 (45mg., methyl-4,6-Q-benzylidene-3-Q-acetyl-
2-dooxy-2-pontachlorophQnyl-~-~-altroside) was recrystallised 
from methanol and characterisoa by elomental and spectral 
analysis. 
M. pt. o 136 - 138 C. 
n.m.r. Spectrum (CDC13)Y: aromatic protons b.s., 2.55 (5 protons), 
0Cl! s., 4.25 (1 proton); IIld., 2.75 (1 proton): H2m., 4.9 
(1 proton); H3H4H5H6H6' m., ~ 5.6 (5 protons); OCH3 s., 6.65 
(3 protons); OAc 8., 7.9 (3 protons). The spectrum also 
shows methanol (possibly from recrystallisation). 
Elemental Analysis 
Required for C22H19C1506 
Found 
C 
47·43 
45.74 
H Cl 
31.89 
Component III (12mg) was roorystallise;; from methanol. 
The n.m.r. spectrum showed the presence of aromatio protons and 
an ~-butyl group. 
3.) Reaction of methrl-2!3-anhydro-416-0-benzYlidene-~~~­
mannosido (r) with pontachlorophenyl lithium. 
The reaction Vias carried out as dosoribed in experiment (2) 
using compound I·(O.65g.). The petroleum ether insoluble 
fraction was extracted with hot potroleum other which, on 
cooling, go.vc compound r (200mg., 31%). The petroleum ether 
soluble fraetion (1.4g.) was chromatographed on alumina (80g., 
neutral activity 1, using petroleum ether changinco to b,)!1zene 
to methanol/benzene.). The following major fractions were 
isolated. 
-188-
Fraction I (360mg.) \"Ias shown by loR. to be hoxachlorobenzene 
together with some pentachlorobenzene. 
Fraction II (220 mg.) was not identified but its n.m.r. ani 
LR. spectra showed that it did not contain a sugar group. 
Fraction III (190mg.28%) was shown by n.m.r. to be 
methyl-4,6-Q-benzylidone~-~-altrosidc. 
l!.pt. 163-164°C. (Lit. H.Pt. 2 5? 169-1700 C.) 
n.m.r. Spectrum (CDC13 )'!, aromatic protons m., 2.6 (5 protons); 
0CB s., 4.35 (1 proton); HId., 5.35 (1 proton, J~lc/s.); H2H3H4H5H6 
and H6' b.m., ~ 6 (6 protons), OlTo s., 7.6 (3 protons) and OH 
two d., 7.0 and 7.4 (2 protons, exchange with 
(<>( JO = 1l1.2
o (CHCl3' c. O. 54) (Lit. value 
Elemental Analysis C H 
Required for Cl4Hl806 
Found 
59.6 6.39 
6.47 
4. ) Reaction ef methyl-2, 3-anhydro-4, 6-0-benzylidcne-0{ -D-mannoside 
(I) with tetrachloropyridyl lithium. 
Butyl lithium in hexane (1.5ml. of a 2.511. solution, 
3/80011.) Vias added to a stirred solution of pentachloropyridine 
(l.Og., 3/80011.) in dry ether (50ml.) at-15°C., under an atmosphere 
of ni trogen. The solution was hold at-15°C. for ono hour and 
then allowed to warm up to room temperature· and a solution ef 
compound I (0. 66g., 1/2001!.) in dry ether (50ml.) was added •. The 
reaction mixture was heated under reflux for three hours and worktl!i 
up as deseribed in experiment (1) except that the residue was 
extracted with diethyl ether. The diethyl ether soluble material 
(1.24g.) was chromatographod on alumina (80g., Breokman Activity 1, 
eluent 25% benzeno/petroleum ether changing to benzene to 1% meth2nol 
in benzene). Tho following major fractions wore isolated. 
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The first fraction (130mg.) was identified by its IR 
spectrum and T.L.C. behaviour as pentachloropyridine. 
Tho second fraction (330mg.) was shown by its LR. spectrum 
and T.L.C. behaviour to be a mixture of compound I and 
pentachloropyridine. 
The last major fraction (470 mg. 71% recovery) was identified 
as compound I by its I.R. spectrum and T.L.C. behaviour. 
5.) Reaction of methyl-2,3-anhydro-4,6-0-benzylidene~-D-allosido 
(I) with 4-mClthyl-li thium thiazylo' 
A solution of 4-methyl-l,3-thiazole (1.0g., O.OIM.) in dry 
diothyl other (20ml.) was added to a stirred solution of Hthium 
butyl in hoxane (5m1. of 2. 57M., O. 0128H.) at - 500 C. under a 
stream of nitrogen. After thirty minutes a suspension of compound 
I (2.6g.0.011!.) in dry diglyme (150m1.) was added. After four 
hours tho reaction mixture was allowed to warm up to room temper a ture 
and water (5ml.) was added. The solution was filtered and the 
filtrate recrystallised from chloroform/other (80/20). Tho 
crystallised material (2.2g.) lVas identified by its LR. spectrum 
as compound (I). °A further quantity (200 mg.) of compound (I) 
was isolated. from the diglymo solution on partial evaporation gi vine 
a total recovery of 92%. 
6.) Reaction of 2,3:5,6-di-O-isopropylidcne-~-D-mannosyl chloride 
(I) with pentuchlorophenyl lithium. 
Pentachlorophenyl lithium (3/800M.) was generated as described 
in eXPGriment (1) and a solutien of compound I (O.66g., 1/400If.) 
in dry diethyl ether (20ml.) was added. After eighteen hours at 
room temperature the reaction ulixture was worked up as described 
in experiment (1). Tho petroleum ethor soluble fraction was 
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reel.uced in volume and a erystdline material separated (0.5g.) 
which Vias t\7ico recryst"llisol[ from pctrolou."l other to Givo a 
slightly syrupy solid. 
-1 I.R. spoctrum (cm ) 3500 m. and 3400 m. (OH), 1660 m. (C::: C - 0) 
and 720 s. (C -01) 
n.m.r. Spectrum (CDOI3 )1': 1l2d., 4.6 (1 proton), 1l3Q" 4.9 
(1 proton), m., 5.5 (2 protons); m., 5.9 (2 protons), Oil b.d., 
7.9 (1 proton, oxchpnlSes with D20) and methyl protons two s., 
8.55 "nd 8.65 (6 protons). 
Thc cryst,,-llino matorir:l was shown by T.JJ.C. to bo a mnjor 
oomponent of the petroleum ether layeT. The bulk of the potroleum 
ether soluble mp.terial and the cryst,,11isod mntorh,1 lVero combined 
p.nd chroma tOlSr~phed on alumina (eluting Vii th benzene changing tu 
r"ethanel/benzene) • The following major fractions were isol"ted. 
'l'ho first fre.ction (YJOmg.) was shov;n by its Ln. spectrum 
to be a mixturo of hexa- "nO. pentachlorobonzene. 
The second fraction (185mg.,) we.s a mixturo of two COli1pOn~nt8 
(T,L.O. 5% methanol/benzone, Rf 0.56 and Rf 0.53) which darkonod in 
colour on standing. 
I.R. spectrum (cm-I) , 3450 s. (Oil), 2980 s., 2920 m. (CH aliphdic), 
1710 IJ. and 1660 w. (On standing the poaks broodonod cOllsider:1bly). 
n.m.r. S>,eetrum (ODCl)'1': b.m., 5.0 - 6.2 (5), s., 7.75 (5.5); 
methyl groups tv/O s., 8.55 and 8.6 (::'::'12) and n b. s., 8.7 (::=8). 
Tho third fraction (180mB"') was identified as 1,2L5,6-di-0-
is 0 pro py 1 idcno-~-.Q-m~.nnofurQno side. 
H.pt. 118-1200 C. (Lit.M.pt. 25] 122-12]°0 .) 
1. R. spectrum (cm -1) , ]450 s. (OH) 
n.m.r. Spoctrum (ODC13 )7' H b.s., 4.6 (1 proton); H2t., 5.15 
(1 proton, J H2 :i ]= 6c/s., J lI].'I4= 3c/s.), 112 d., 5.4 (1 proton), 
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H4H5H6H6' overlapping m., 5.5 -6.0 (4 protons); OH b.s., 
6.1 (1 pnton, exchanges with D20)and methyl protons s., 
8.55 , 8.6 and 8.65 (12 protons). 
7. ) 1,2:3, 4-di-0-isopropylideno-o<.-g-galacto-hexodialdo-l, 5-p,yranose. 
This material was prepared using tho conditions outlined 
by Staeey and his co-workers. The crude product was distilled 
and the fraction distilling at a bath temperature of 172-180oc./ 
0.6mm Hg.) was collected. (Lit. 254bath tomperature 1400C./0. 
15mm Hg.). -1 The product showed a strong absorption at 1740cm 
and no absorption in the OH region of tho infra-red. 
This material was reacted with pentachlorophenyl lithium 
and 4-methyl-li t'hium-thiazyl using tho conditions previously 
described. In each case a singlo major component was isolated 
from column chromatography. A samplo of this syrup was 
furth~r purified by P.L.C. Analysis showed it to be 1,2,3,4-
di-Q-isopropylidone-~-~galactoside. 
I.R. spectrum (cm-I) , 3500 s. (OH); 2980 s. 
n.m.r. Spoctrum (CC14)~' 
(1 proton); m., 5.75 (2 
OH b. s., 6.6 (1 proton, 
protons s., 8.45 , 8.55 
Elemental Analysis 
Re'1ui red for C12H2006 
Found 
HI d., 4·5 (1 
protons) ; m. , 
exchanges with 
and 8.65 (12 
C 
55·37 
55·46 
i.Jroton); 
6.35 (3 
D2O) and 
protons). 
H 
7·75 
7.69 
'1. , 5·4 
pretons); 
methyl 
The n.Ia.r. spectrum of the starting m2,t0rial was examin0d; it 
contained no low field proton (CHO occurs at 0.281) but it 
showed the vrescncc of an acctyl group at (7.85'r) which indicntes 
that tho starting material was 1,2:3,4-di-Q-isopropylidono-6-Q-
acotyl-~-~-galactosidc. 
-192-
BIBLIOGRAPHY 
1. "The Viruses", F.M.Burnet and VI .r~.Stanley, Ed., Academic Press, 
New York, 1959. 
2. Heinz Fraenkel-Conrat, "Design and Function at the Threshold of 
Life: The Viruses", Academic Press, New Y"rk and London, 1962. 
3. C.L.Hoagland, Ann.Rev.Biochem., 1943, 12, 615. 
4. R.M.Franklin, E.Woeker and C.Henry, Nature,1959, lS4, 343. 
5. W.Schafer, Bacteriol.Rev .. 1963, 21, 1. 
6. R.R.Rueckert and P.H.Duesberg, J.Mol.Biol., 1966, .:!:1, 490. 
1. A.Fabiyi, F.S.Lief and W.Henle, J.Immun., 1955, 81, 461. 
S. R.W.Home, A.P.Waterson, P.vlildy and A.E.Farnham, Virology, 
1960, 11, 19. 
9. L.W.Mayron, B.Robert, R.J.Winzler and M.E.Rafelson, Arch.Biochem. 
BiophYs., 1961, 92, 415. 
10. W.G.Laver, J.Mol.Biol., 1964, 9, 109. 
11. F.M.Bumet, Ann.Rev.Microbiol., 1952, &' 229. 
12. G.K.Hirst, Science, 1941, 94, 22. 
13. S.M.Eychkov, Russian Rev.Biol., 1960, 49, 3. 
14. G.Blix, A.Gottschalk and E.Klenk, Nature, 1951, 119, lOSS. 
15. H.R.Mahler and E.H.Coroes, "Biological Chemistry", Harper 
International Ed., 1966. 
16. F.H.C.Crick, Progr.Nucleic Acid Res., 1963, 1, 164. 
11. F.Lipmann, Progr.Nucleic Acid.Res., 1963, 1, 135. 
lS. J.N .Davidson, "The Biochemistry of Nucleic Acids", Methuen, 
London, 5th Ed., 1965. 
19. J.H.Taylor, "Molecular Genetics", Academic Press, New York, 
1963, p.65. 
20. J.Caims, J.Mol.Bio1., 1963, &' 20S. 
-193-
21. T.Nagata, Proc.Nat.Acad.Sci.lvash., 1963, 49, 551. 
22. H.Yoshikawa. and N.Sueoka, Proc.Nat.Acad.Sci.Wash., 1963, 49, 559. 
23. T.Okazaki and A.Kornberg, J.Biol.Chem., 1964, 239, 259. 
24. J.Hurwitz and J.T.August, Progr.Nucleic Acid Res., 1963, 1, 59. 
25. R.M.S.Smellie, Progr.Nucleic Acid Res., 1963. 1. 27. 
26. E.P.Geiduschek':,. J.W.Moohr and S.B.Weiss. Proc.Nat.Acad.Sci. 
Wash., 1962, 48, 1078. 
27. S.P.Champe and S.Benzer, Proc.Nat.Acad.Sci.Wash., 1962, 48, 532. 
28. W.R.Gulld and M.Robinson, Proc.Nat.Acad.S·ci.Wash., 1963, !±1, 137. 
29. G.P.Tocchini-Valentini. , M.Stodolosky. A.Aurisicchio, M.Sarnat, 
F.Graziosi, S .B.Weiss and E.P .Geidusche.k~ .. Proc .Nat.Acad .Sci. 
~., 1963 • .22" 935. 
30. H.R.V.Arnstein, Brit. Med.Bull., 1965, 21, 217. 
31. R.B.Loftfield, L.I.Hecht and E.A.Eigner, Biochim.Bi0phys.Acta., 
1963, E, 383. 
32. J.Warner, M.J.Madden and E.Darnell, Virology, 1963, 12, 393. 
33. S.Ochoa, Experientia, 1964, 32, 57. 
34. S.H.Barondes, C.W.Dingman and M.B.Spom, Nature, 1962, 196, 145. 
35. M.Cannon, R.Krug and W.Gi1bert, J.Mol.Biol., 1963, 1, 360. 
36. F.Chapeville, F.Lipnann, G.v·on Ehrenstein, B.Weisblum, W.J.Ray 
and S.Benzer. Proc.Nat.Acad.Sci.Wash., 1962, 48. 1086. 
37. G.von Ehrenstein, B.Weisb1um and S.Benzer, Proc.Nat.Acad.Sci. 
Wash. 1963, 49, 699. 
38. J.F.Collins, Brit. Med.Bu1l •• 1965, 21, 223. 
39. E.Reich and R.M.Franklin, Proc.Nat.Acad.Sci.Wash., 1961, !±1,1212. 
40. V.N.Iyer and W.Szybalski, Proc.Nat.Acad.Sci,\'Iash., 1963, 50,355. 
41. W.E.Pricer and A.Weissbach, Biochem.Biophys.Res.Comm.,1964,14,91. 
42. E.Reich,R.M.Franklin, A.T.Shatkin and E.L.Tatum, Science, 1961, 
134, 556. 
43. E.Reich, Cancer Res., 1963, 23, 1428. 
44. H.M.Raven, H.Kertsen and W.Kertien, Hoppe-Sey1.Z. 1960,321,139. 
45. E.Reich, I.H.Goldberg and M.Rabinowitz, Nature, 1962, 196, 743. 
46. E.Reich, SCience, 1964, 143. 684. 
47. R.Haselborn, Science, 1964, 143, 682. 
48. E.Reich and E.I.Goldberg, Prog.Nucl.Acid Res.Mol.Biol., 1964, 
~, 183. 
49. G.Saver, Hans.D.Orth and K.Munk, Biochim.Biophys.Acta, 1966, 119,331. 
50 •. W.Kersten, Biochim.Bi0phys.Acta, 1961, !I, 610. 
51. W.C.Russel and L.V.Crawford, Virology, 1963, 21, 353. 
52. H.R.V.Arnstein, Rep.Progr.Chem., 1963, 60, 512. 
53. M.M.Taylor and R.Stork, Proc.Nat.Acad.Sci.Wash., 1964, 52, 958. 
54. J.Mager, M.Benedict and M.Artman, Biochim.Bi0phys.Acta, 1962,62,202. 
55. M.B.Yarmolinsky and G.L.de la Haba, Proc.Nat.Acad.Sci.Wash., 1959, 
45, 1721. 
56. E.F.Gale, Pharmacol. Rev., 1963, !2.. 481. 
57. E.M.Martin, Brit. Med. Bull., 1967, 23, 192. 
58. E.Reich, R.M.Franklin, A.J.Shatkin and E.L.Tatum, Proc.Nat.Acad. 
Sci.U.S.A., 1962, 48, 1238. 
59. N.P.Salzman, Virology, 1960, 10, 150. 
60. J.S.Colter, H.H.Bird, A.W.Moyer and R.A.Brown, Virology, 1957,~,522. 
61. E.M.Martin and T.S.Work, Biochem.J., 1962, 83, 574. 
62. M.D.Scharff, A.J.Shatkin and L.Lavinstow, Proc.Nat.Acad.Sci. 
U.S.A., 1963, 50, 686. 
63. D.F.Summers, J.V.Maizel and J.E.Darnell, Proc.Nat.Acad.Sc1. 
U.S.A., 1965, ~, 505. 
64. I.G.Balandin and R.M.Franklin, Biochem.Bi0phys.Res.Comm., 1964, 
15, 27. 
65. P.Hansen and D.W.Verwoerd, Virology, 1963, ~, 617. 
-195-
66. S.Penman, K.Scherner, Y.Becker and J.E.Darnell, Proc.Nat.Acad. 
ScLU.S.A., 1963, 49, 651~. 
67. L.Dalgamo, R.A.Cox and E.M.Martin, Biochim.Biophys.Acta, 1967, 
~, 316. 
68. D.Baltimore and R.M.Franklin, J .Bio1.Chem., 1963, 238, 3395. 
69. S.Penman, Y.Becker and J.E.Darnell, J.Mol.Biol.1964, §, 541. 
70. D.F.Summers and L.Levintow, Virology, 1965, 27, 44. 
71. D.Nathans, G.Notani, J.H.Schwartz and N.D.Zinder, Proc.Nat.Acad. 
ScLU.S.A., 1962, 48, 1424. 
72. W.K.Roberts, J.F.E.Newman and R.R.Rueckert, J.Mol.Biol., 1966, 
15, 92. 
73. E.M.Martin, "Genetic Elements - Properties and Function", 
Academic Press, London and Polish Scientific Publications, 
Warsaw, 1967, p.117. 
74. J.M.Bishop, D.F.Summers and L.Levinst01~, Proc.Nat.Acad.Sci. 
U.S .A., 1965, 54, 1273. 
75. L.Montagnier and F.K.Sanders, Nature, 1963, 199, 664. 
76. F.Brown and S.J.Martin, Nature, 1965, 208, 861. 
77. P.Hausen, Virology, 1965, 25, 523. 
78. P.G.W.Plagemann and H.E.Swim, Bacteriol.Rev., 1966, 2Q, 288. 
79. M.L.Fenwick, R.L.Erikson and R.M.Franklin, Science, 1961~, ~46,527. 
80. C.l<ieissmann, P .Borst, R.H.Burdon, M.A .Billeter and S .Ochoa, 
Proc.Nat.Acad.Sci.U.S.A., 1964, ~, 890. 
81. J.E .Davis and R.L.Sinsheimer, J .Mo1.Bio1., 1963, 10, 56!. 
82. R.H.Doi and S.Spiegleman, Proc.Nat.Acad.Sci.Wash., 1963, 49, 353. 
83. R.L.Erikson, M.L.Fenwick and R.M.Franklin, J.Mol.Biol., 1965. 
13, 399. 
84. R.L.Erikson and R.M.Franklin, Bacteriol.Rev., 1966,30,267. 
-196-
85. H.Deluis and P.H.Hofschneider, J.Mol.Biol.,1964,10,354. 
86. S.Spiegleman and LHavuna, J.Gen.Physio1., 1966, 49, 263. 
87. M.P.Girard, D.Baltimore and J.E.Darnell, Fed. Proc.Fed.Amer. 
Soc.Exp.Biol., 1965, 24, 379. 
88. D.Baltimore, M.Girard and J.E.Darnell, Virology, 1966,29,179. 
89. D.C.Burke and J.J.Skehal, Brit.Med.Bull., 1967, 23,(2), 109. 
90. W.J.Kleinschmidt and G.W.Probst, Antibiot.Chemotherapy, 1962, 
12, 298. 
91. U.J.Lewis, E.L.Rickes, L.McClelland and N.G.Brink, J.Amer.Chem. 
Soc., 1959, 81, 4115. 
92. K.\~.Cochran and E.H.Lewis, Fed. Proc., 1959, 18, 377. 
93. C.P.Li, W.G.Jahnes and B.Prescott, Proc. Soc.Exp.Biol.Med.,1962, 
109, 534. 
94. W.L.Davies, R.R.Grunhert, R.F.Haff, J.W.McGahen, E.M.Neumayer, 
N.Paulshock, J.C.Watts,T.R.Wood, E.C.Herrmann and C.E.Hoffmann, 
Science, 1964, 144, 862. 
95. E.D.Stanley, R.E.Muldoon, L.I'I.Abers and C.G.Jackson, Ann.Acad. 
Sci.N.Y., 1965, !iQ, 44. 
96. H.A.Wendel, Fed.Proc.Fed.Amer.Soc.Exp.Biol., 1964, 23, 387. 
97. D.Crowther and J.L.Melrick, Virology, 1961, 15, 65. 
98. H.J.Eggers and I.Tamm., Virology, 1962, 18, 426. 
99. H.J.Eggers, N.lkegami and I.Tamm, Ann.Acad.Sci.N.Y., 1965,130,267. 
100. I.Tamm and H.J.Eggers, Science, 1963, 142, 24. 
101. A.Lwoff, J.Biochem., 1965, .2§., 289. 
102. J.L.Melrick, D.Crowther and J.Barrera-Oro, Science, 1961, 134, 557. 
103. W.M.Prusoff, Biochim.Biophys.Acta, 1959, 32, 295. 
104. E.C.Herrmann, Proc.Soc.Exp.Biol.Med., 1961, 107, 142. 
105. E.E.Force and R.C.Stewart, Proc.Soc.Exp.Biol.Med., 1964,116, 803. 
-197-
106. A.P.Mathias, G.A.Fischer and W.H.Prusoff, Biochim.BioP'1YR.JI.C+,a, 
1959, )6, 560. 
107. B.DJordJevic and W.Szyblaski, J.E:[p.Med., 1960, 112, 509. 
108. P.Calabresi, Ann. Ac~d.Sci.N.Y., 1955,~3~,192. 
109. R.C.Ey, W.F.Hugl1es, A.I'l.Ho1:::s c.::d F.]"=::':l.'1ardt, Arch.Opthal. N.Y. 
1964, 71, 325. 
110. M.B.Corbett, C.M.SideU and 14.Zim:nerr,:an, J.Arr.er.~~~r1.Ass., 1965, 
:.96, 441. 
111. B.E.Juel-Jensen and F.O.MacCallt1;:~, P:'it.i-:ed.J., 1964, ,g,987. 
112. F.W.Sheffield, Brit.J.Ex~.!e~_~. 1952, ~~, 59. 
113. R.L.Thompson, S.A.Minton, J.E.Officcr and G.H.Hitchings, 
J.lmmun., 1953, 70, 229. 
114. D.J.Bauer and P.~l.Sadler, Brit.J.Filc.r;;l''.col., 1960, 15, 101. 
115. K.B.Easterbrook, Virology, 1962, J.7, 245. 
116. W.E.Magee and M.K.E::lCh, Ann.Ac:-.cl.C:cLN.Y., 1965, .130., 80. 
117. B.Woodson and W.K.Joklik, Proc.~~,-!;.Acc.d.Sci.U.S.A.,1965,!54,9!t6. 
118. G.App1eyard, V.B.M.Hume and J.C.N.Westwood, Ann.Acad.Sci.N.Y., 
1965, ~30, 92. 
119. D.J.Bauer, L.St.Vincent, C.H.K:::::o ""cl A.I'l.Covmie, Lancet, J96,3 
,g, 494. 
120. D.J.Bauer, Ann.Ac~.d.Sci.N.Y., 1<;65, 130, 110. 
121. N.P.Buu-Hoi, P.Cley, N.D.Xuong a::i A.Buff2nais, Co~nt.rend.Acad. 
§.c!." 1954, g38, 2582. 
122. A.Gerard, A.Ray, A.Ve.ismc.n, J.Eveno r.r:.d H.Chaigneau, Compt.re:1cl. 
Acad.Sci., 1960, 251, 164. 
123. F.Link, D.Blascovic and J.Raus, Acta Viro1, 1961,(5) 86,245. 
124. G.E.Underwood and S.D.vleed, Virol0t;:L, 1961, ~2' 138. 
-190-
125. B.Babudieri, F.Gualtiel'i,F.M.R1cciari and M.L.Stein, Inte~Il_!' 
Congr.ChemotherapY Proc.,1963,!, 837.(Chem.Abs.,1966, 6~,9363). 
126. N.Ishida, T.Shiratori, M.R1kimaru, M.Homma and S.Shigeta, 
J.Antibiotics (Tokyo), 1962, A15, 168. 
127. R.Ange1ucci, D.Artini, P.N.Gera1di, W.Longermann and G.Nannini, 
Farmaco (Pavial Ed.Sci.,1961, 16, 663. 
128. L.Sca1fi, V.Pecori, P.A1tucci and F.Coraggio, Giorn.M~l. 
Infettive Parassit., 1962, 14, 433. 
129. E.W.Hurst, P.Melvin and J.M.Peters, Brit.J.Pharmacol., 1952, 
1, 455. 
130. o.e.L1u, J.E.earter, R.G.Malsberger, A.N.De Sanctis and 
B.Hampil, J.lmmunol., 1957, 78, 222. 
131. J.D.Smith, G.Freeman, M.Vogt and R.Dulbecco, Virolor~, 1960, 
12, 185. 
132. p.e.Loh, Proc.Soc.Exp.Biol.Med., 1960, 105, 296. 
133. L.Dickenson and M.J.Thompson, Brit.J.Pharmacol., 1957, 12, 66. 
134. T.Zimmerman and 1'I.Schafer, Vil:dogy, 1960, 11, 676. 
135. V.Groupe, L.H.Pugh and A.S.Levine, Proc.Soc.Exp.Biol.M~~., 19S2, 
80, 710. 
136. Hans Beyer, Ber., 1954, 87, 78. 
137. A.Canas Rodriquez and F.J.Aparicio, Anales real Soc.espan. Fls. 
Quim., 1954, 5OB, 609. 
138. F.E.Condo, E.T.Hinkel, E.Fessero and R.L.Shriver, J.Amer.Chem.Soc. 
1937, .22, 230. 
139. P.Chabrier and S.H.Renard, Compt.rend., 1948, 226, 582. 
140. G.e.Barrat, P.H.Eggers, I.R.Emerson and G.Lowe, J.Chem.Soc.,1964, 
790. 
141. G.Pinkus, Ber., 1893, 26, 1077. 
-199-
142. R.Manni, Wo1fgang Meyer Zu R2ckendorf and vl.A.Bonner, Ber., 
1962, 95, 1000. 
143. A.Hantzsch, Ber., 1887, 20, 3118. 
144. W.A.Bonner and Wo1fgang Meyer Zu Reckendorf, Ber.,1961, 
94, 225. 
145. M.P.Schubert, J.Etio1.Chem., 1939, 130, 601. 
146. I.Vadop1aite and J.Karabinos, Trans.l11inois Acad.Sci., 1953, 
46, 226 (Chem.Abs., 1955, 49, 530ge). 
147. J.E.Christensen and L.Goodman, J.Amer.Chem.Soc., 1961,83,3823. 
148. A.W.Hoffmann, Ber., 1869, £, 645. 
149. A.W.Hoffmann and S.Gabrie1, Ber., 1892, 25, 1578. 
150. S.Ishikawa, J.Chem.Soc.(Japan), 1921, 42, 579. (Chem.Abs., 
1922, 16, 1588). 
151. S.Ishikawa, J.Chem.Soc.(Japan), 1923, 44, 382. (Chem.Abs., 
1922, 11, 3022.) 
152. A.R.Surrey, U.S.Patent, 2,520,178. (Chem.Abs., 1951, 45, 2029). 
153. Z.E.Jolles and l'T.T.J.Morgan, Biochem.J., 1940, 34, 1183. 
154. J.Davo11, B.Lythgoe and A.R.Todd, J.Chem.Soc., 1946, 833. 
155. G.A.Howard, G.W.Kenner, B.Lythgoe and A.R.Todd, J.Chem.Soc., 
1946, 855. 
156. F.Legay, Compt.rend., 1952, 234, 1612. 
157. W.Mi11er and J.P18ckl, Ber., 1894, £1, 1281. 
158. J.E.Scott, Biochem.J., 1962, 82, 43P. 
159. J.E.Scott, Etiochem.J., 1964, 92, 57P. 
160. C.Nueberg and H.Wolff, ~., 1901, 34, 3840. 
16 ' - .t' ' 1. J.Fernandez Bo1anos, F.Garcia Gonzales, J.Gasch Comez and 
M.Menendez Gal1ego, Tetrahedron, 1963, 19, 1883. 
-200-
162. 
163. 
164. 
165. 
166. 
167. 
168. 
169. 
170. 
171. 
172. 
E.J.Ariens, Adv. Drug Res., 1966, 2, 235. 
B.Belleau, Mv.Drug Res., 1965, g, 89. 
J.P.Changeux, Scientific American, 1965, 36. 
J.Monod, Brit.Med.Bul1., 1965, 21, 236. 
A.H.llickett, Pr0w.Drug Res., 1959, 1, 455. 
W.Klyne and P.S .B.De la Mare, "Progress in Stereochemistry", 
Vol.II, Butterl'lorth's SCientific Publications, London, 1958. 
F.E.Hahn, C.L.vleisseman and H.E.Hopps, J.fuct., 1954,67,674. 
Hans J.Eggers and LTamm, J.Exp.~led .. 1961, ,!13, 657. 
S.A.Barker and E.J.Bourne, J.Chem.Soc., 1952, 905. 
S.A.Barker, E.J.Bourne and D.H.v.1h1ffen, .J.Chem.Soc., 1952, 3865. 
W.T.Haskins, R.M.Hann and C.S.Hudson, J.Amer.Chem.So~., 1943, 
65, 1663. 
173. R.M.Hann and C.S.Hudson, J.Amer.Chem.Soc., 1944, 66, 1909. 
174. J.C.P.Schwarz, J.Chem.Soc., 1957, 276. 
175. J.J.Drysdale and W.D.Phillips, J.Amer.Chem.Soc.,1957, 1~, 319. 
176. P.M.Mair and J.D.Roberts, J.Amer.Chem.Soc., 1957, 79, 4565. 
177. F.A.L.Anet, J.Amer.Chem.Soc., 1962, 84, 747. 
178. A.A.Bothner-By and C.Nair-Colin, J.t~~~hem.Soc., 1962,84,7~5. 
179. L.D.Hall and L.Haugh, .£hem.In~., 1962, 1465. 
180. R.J.Ferrier and M.F.Singleton, Tetr~hedron, 1962, 18, 1143. 
181. R.J.Abraham, L.D.Hal1, L.Haugh and K.A.McLauchlan, J.Chem.Soc., 
1962, 3699. 
182. R.J.Abraham, L.D.Hall, L.Haugh, K.A.McLauchlan and H.J.Miller, 
J.Chem.Soc., 1963, 748. 
183. R.V.Lemieux and J.D.Stevens, Canad.J.Chem., 1965, 43, 2059. 
184. M.Karplus, J.Chem.Phys., 1959, 30, 11. 
-201-
185. M.Karp1us, J.Amer.Chem.Soc., 1963, 85, 2870. 
186. V.Deu1ofeu, Nature, 1933,131,548. 
187. N.K.Richtmyer and C.S.Hudson, J.Amer.Chem.Soc., 1942, 64,1612. 
188. J.A.M111s, Austral.J.Chem., 1964, 17, 277. 
189. H.E1.Khadem, J.Org.Chem., 1963, 28, 2478. 
190. D.H.Whiffen, Chem.Ind., 1956, 964. 
191. J.H.Brewster, J.Amer.Chem.Soc., 1959, 81, 5475. 
192. Ch.D.Hurd and R.P.Ho1sz. J.Amer.Chem.Soc., 1950, 72,1735. 
19~ J.Eng1ish and M.F.Levy, J.Amer.Chem.Soc., 1956,78, 2846. 
194~ P.Rischbieth, Ber., 1887, 20, 2673 • 
• 
195. C.H.Hinestock and G.11I.E.P1aut, J.Org.Chem., 1961, 26, 4456. 
196. H.Jacobi, Ber., 1891, 24, 993. 
197. E.Reste11i de Labrio1a and V.Deu1ofeu, J.Amer.Chem.Soc., 
1940, 62, 1611. 
198. V.Deulofeu, P.Cattaneo and G.Mendive1zua, J.Chem.Soc., 1934,147. 
199. V.Deulofeu, M.L.Wo1from, P.Cattaneo, C.C.Christman and 
L.W.Georges, J.Amer.Chem.Soc., 1933, ~, 3488. 
200. J.Karabatos, R.A.Ta11er and F.M.Vane, J.Amer.Chem.Soc.,1963, 
85, 2326. 
201. J.Karabatos, R.A.Ta11er and F.M.Vane, J.Amer.Chem.Soc.,1963, 
85, 2327. 
202. G.G.K1einspehn, J.A.Jung and S.A.Studmarz, J.Org.Chem., 1967, 
32, 460. 
203. O.L.Brady and G.Bishop, J.Chem.Soc., 1925, 129, 1357. 
204. A.E.Gillam and E.Stern, "An Introduction to Electronic 
Absorption Spectroseopy in Organic Chemistry", Arno1d, 
London, 1954. 
205. J.Ishikawa, Sei.Papers Inst.Phys.Chem.Res.,(Tokyo). 1925, 
}, 147 (Chem.Abs., 1925, 19, 3087). 
-202-
206. J • Ishikawa , ScLPaper..2.,~ns~ .Phys .Chem.Res., (Toqo)., 1927,7, 
237. (Chem.Abs., 1928, ~2, 1581. 
207. H.D. Troutman and L.l,l.Lonc, J.P.mer .Chem.Soc., 1948, 1.9., 3436. 
208. A.R.Surrey, !.Amer.Chem.Soc., 1948, 70, 4262. 
209. A'.I{ .Baker and G.H.Harris, .::!.0!Eer,CI1!!.m.So<e,., 1960,§S,1923. 
210. G.Huber, O.Schier and J.Druay, Hc1v.Chim.P.c.f;~, 1960, 4;';,713. 
211. H.Spedding, Adv.Carbohydrat" _Chem., 1964, 19.., 23. 
212. K.S.Pitzer and W.E.Donath. J.Amer.Chem.Soc., 1959,§!.3213. 
213. D.H.R.Barton. R.C.Cookson. W.Klyne C~~ C.~I.Shoppee, 
Chem.lnd.(London). 1954, 21. 
214. H.Behringer and H.Meier, .!=J.ebigs AllI!" 1957, 607, 67. 
2].5. A.B.Foster, J.Che.,!!l.Soc .• , 1953, 982. 
216. J.B8eseken, Adv.Carbohy~rate Chem •• 1949, ~, 189. 
217. D.Horton and W.N.Turner, .J.Org.Chem •• 1965, 30, 387. 
218. C.Cone and L.Haugb, 9,1lJ:'Eohydra1?u.es •• 1965, !.1. 
219. B.Coxon. Carbohydrll;:!:.e Re"!..., 1966, !, 357. 
220. E.F.L.J.Anet. Carbohydrate Res •• 1966. !. 348. 
221. C.A.Kingsb1.~ry and D.C.Best, J.Org.Chem •• 1967.32,6. 
222. G.M.Whitesides, J.P.Sevenair and R.I'I.Goetz, .J.A~e!,.Chem._Soe, • 
1967. 89." 1135. 
223. L.Pau1ing, J.Amer.Chem.Soc •• 1932. )4, 3570. 
224. K.L.Hllliamson and W.S.Johnson, !..0mer.Che.m!,S..££., 1961, 
~, 4623. 
225. R.Lemieux, R.K.Kul1nig and R.Y.Moir, J.Amer.Chem.Soc., 
1958, 80, 2237. 
226. A.D.Cohen, N.Sheppard and J.J.Turner, Proc.Chem.Soc., 1958, 118. 
227. E.L.E1ie1, N.L.A11inger, S.J.Angya1 and G.A.Morrison, 
"Conformational Analysis", Interscience Publishers, 1965. 
-203-
228. G.E.McLasland, Adv.Carbohydrate Chem., 1965, 20, 11. 
229. C.S.Hudson, J.Amer.Chem.Soc., 1930, 52, 1680. 
230. J.Stanek, M.Cerny, J.Kocourek and J.Pacak, "The MonosacchD.::'ides" 
Academic Press, New York and London, 1963, p. 53. 
231. C.S.Hudson and J.K.Dale, J.Amer.Chem.Soc., 1918, 40, 997. 
232. N.J.Anita, J.Amer.Chem.Soc., 1958, 80, 6138. 
233. A.I.Vogel, J.Chem.Soc •• 1948, 1833. 
234. J.A.Mills, Addendum to a paper by F.H.Newth and R.F.Homer, 
J.Chem.Soc., 1953, 989. 
235. A.Furst and P.A.Plattner, Abs. of Papers, 12th International 
Congress of Pure and Applied Chemistry (New York), 1951,p.405. 
236. F.H.Newth, G.N.Richards and L.F.Wiggins, J.Chem.Soc.,1950,2356. 
237. H.Heaney and J.M.Jablonski, Tetrahedron Letters, 1966, 2529. 
238. B.Coxon, Tetrahedron, 1965, 21, 3481. 
239. A.A.J.Feast, W.G.Overend and N.R.l!!illiams, J.Chem.Soc., 
1965, 7378. 
240. G.J.Robertson and C.F.Griffith, J.Chem.Soc., 1935, 1193. 
241. J.Berund and J.Metzger, Bull.Soc.chim.France, 1962, 2072. 
242. R.K.Ness and H.G.Fletcher, J.Org.Chem., 1965, 30, 158. 
243. J.S.Brimacombe, T.G.H.Bryan, A.Husain, M.Stacey and 
M.S.Tolly, Carbohydrate Res., 1967, 2, 318. 
244. J.D.Albright and L.Goldman, J.Amer.Chem.Soc., 1965, 
87, 4214. 
245. H.T.C1arke and S.M.Nagy, Org.Synth., 3, 690. 
246. S.Veibel and H.Littlewood, Bull.Soc.chim.France, 1938, 2,494. 
247. R.Mohlan, Ber., 1882, !2, 2465. 
248. L.C.King and E.M.Miller, J.Amer.Chem.Soc., 1949,71,367. 
-204-
249. J.P.Hetherhill and R.M.Hann, J.Amer.Chem.Soc., 1934, 
,2&, 970. 
250. R.J.Catch, D.F.Elliot, D.H.Hey and E.R.H.Jones, 
J.Chem.Soc., 1948, 272. 
251. R.P.Kurkjy and E.V.BrOlm, J.Amer.Chem.Soc .,1952, 74,5788. 
252. N.K.Richmeyer and C.S.Hudson, J.Amer.Chem.Soc., 1941, 
~, 1727. 
253. J.L.lrvine and A.F.Skinner, J.Chem.Soc., 1926, 1089. 
254. D.Horton, J.B.Hughes and J.M.J.Tronchet, Chem.Comm., 
1965, 20, 481. 
-205-
APPENDIX 
Analysis of ABX Systems. 
The analysis outlined below is based upon that given by 
J.A .Pople, ~1.G.Schneider and H. J .Bernstein, "High Resolution 
Nuclear Magnetic Resonance", McGraw-Hill Book Co.lnc., New Yort, 
1959. 
Shown below is a schematic representation of the n.m.r.spectrum 
for the H4H5H5; protons in tetra-Q-acetyl-g-xylonOthioamide.(I) 
d • e 
c f 
a b g h 
.+-J I 12 16 22 28 34 c/s 
H5H5' Tetra-Q-acetyl-~-XYlonothioamide 
There are two ways of assigning the AB - and AB + quartets. These nr3: 
a c e g b d f h ) A 1 3 5 7 2 4 6 8 ) 
or a b c d e f g h ) B 1 3 5 7 2 4 6 8 ) 
Only A gives the required intensity pattern (weak-strong-strong-wea~). 
From A tlJAX + JEX I = 5c/s (separation of the mid-points of the 
two quartets). 
IJABI = separation 1-3 = sepn." 2-4 = sepn.5-7 = sepn.6-8 = 12c/s. 
2D+=sepn.1-5 = sepn. 3-7 = 18 c/s. 
2D_=sepn.2-6 = sepn.4-8 = 16c/s. 
D+ sin 2~+=t JAB 
whence sin 2~+=O.66 and 2~+=41048' or 138012;. 
and cos 2~+=O.745 or cos 2~+=~O.745 
-i-
Similarly D_ sin 20_= t JAB 
whence sin 20_=0.75 and 20_=48030' 
and cos 20_=0.66 or cos 210_= - 0.66. 
It is generally possible to assess which combination of angles 
is correct from the X part of the spectrum. In this case, X is 
fUrther coupled which complicates the analysis. However, if a first 
order approach is permissable, the X part of the spectrum is 
consistent with a four lined spectrum from the AB coupling, fUrther 
split by IS' 
Therefore 210+=41048' and 210_=48030' and the following parameters 
can be calculated. 
JAX = 6.4c/s JEX = 3.6c/s. 
VA = 22.5c/s (from arbitrary zero)"B = 10.5c/s 
A similar calculation gives the following parameters for 
H5H6H6' in 2-[g-galacto-penta-Q-acetylpentyl)-4-phenyl-l,3-thiazole.(II) 
JAB = l1.5c/s JAX = 7.lc/s JEX = 4.9c/s 
"\) A = 33.5c/s VB = 10 c/s 
Line spectra, calculated from the above values, and the observed 
spectra are shown in plate (XVI). The energy and intensity values 
are tabulated below. 
Line Xylonothioamide (I) 2-Galacto-thiazole (11) I 
No. Energy Intensity Energy Intensity 
1 0 0.25 0 0.55 
2 4 0.33 5 0.58 
3 12 1.75 11.5 1.45 
4 16 1.67 16.5 1.42 
5 16 1.75 25.5 1.45 
6 22 1.67 32.5 1.42 
7 28 0.25 37.0 0.55 
8 34 0.33 44 0.58 i 
r 
Hs- Hs' le-br-a -O-ace.t~l- D 
x~lo", othi oamid e 
It- - ph en~ I th ia zole. 
t i I I 
l I 
I I iLL 
I I I I i I I 1 

